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Abstract 
 
This investigation presents an alternative method to sourcing fine-grained volcanic 
(FGV) artifacts from the Salish Sea in western Washington.  Past sourcing strategies have 
utilized geochemical methods focusing on the trace element composition of artifacts.  This 
research has verified the extensive use of the only known geologic source (Watts Point, 
B.C.) but has not yet identified other geologic sources for artifacts from the Salish Sea. 
The research presented herein develops a three-tiered holistic approach to sourcing 
FGV artifacts from the region.  The addition of whole rock major element and mineralogical 
analyses in conjunction with trace element analysis develops a more accurate method to 
sourcing FGV artifacts.  
Artifacts from nine sites in western Washington (45WH1, 45WH4, 45WH17, 
45WH34, 45WH55, 45SK46, 45WH300, and three sites from the North Cascades National 
Park) are compared with geologic samples from nine locations in the North Cascades and 
Salish Sea using this three-tiered holistic approach to sourcing.  Using this methodology, 17 
new unknown sources are identified; these sources represent many types of FGVs (dacite, 
andesite, rhyolite, and trachydacite).  Of the artifacts, 72% are composed of dacite while the 
remaining 28% are other various types of FGVs.  Of the dacite artifacts only about half come 
from Watts Point, showing that native people were not dependent on Watts Point as a 
source for their tool stone and had access to many other FGV sources. 
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Chapter I: Introduction 
 
 Artifact sourcing is an important method for archaeologists around the world to 
understand more about past materials procurement, and mobility and trade between 
groups. Sourcing is conducted by linking objects with locations by comparing data between 
two objects.  Artifacts of many material types including stone, metal, shell, and ceramic are 
sourced, i.e., traced back to their place of origin through compositional or other analysis 
(Bernatchez 2008; Claassen and Sigman 1993; Durst 2009; Emerson and Hughes 2000).  
Lithic, or stone, artifacts have been a primary focus of sourcing studies for many 
years; its efficacy has been well documented through numerous research projects (Eerkens 
et al. 2007, Hughes 1984; Skinner 1983; Sobel 2012; Taylor 1976).  On the Northwest Coast 
over the past 40 years lithic sourcing has been largely limited to obsidian artifacts (Ericson 
et al. 1976; Eerkens et al. 2007; Jack 1976; Nelson 1984; Skinner 1983; Sobel 2012).  In the 
last 20 years however, a new material type started being sourced in the region (Bakewell 
1996; Bakewell and Irving 1994).  Fine-grained volcanic (FGV) artifacts are common in the 
region, but before the 1990’s sourcing studies had never been applied to these artifacts 
(Bakewell 1996; Bakewell and Irving 1994; Greenough et al. 2004; Kwarsick 2010, Taylor 
2012).  
Sourcing FGV artifacts from the Salish Sea began in the 1990’s when 
geoarchaeologist Edward Bakewell (1994 and 1996) first recognized that artifacts identified 
by archaeologists as basalt were instead made from dacite, a much more siliceous rock.  
Further analysis of “basalt” artifacts in the area showed that misidentification was common, 
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leading to what Bakewell called “basaltopia”, meaning archaeologists were labeling any 
siliceous looking artifact basalt without considering the possibility of other volcanic rock 
types.  Bakewell continued his research on dacite artifacts and in his 2005 dissertation 
positively identified the geologic source of these artifacts as Watts Point, B.C. through 
petrographic and geochemical analysis.   
Kim Kwarsick (2010) focused her thesis research on the availability of Watts Point 
dacite in the region, proposing that it was available throughout the Salish Sea in the form of 
beach cobbles that could be picked up at any time by native people for tool manufacture.  
Kwarsick concluded, based on chemical analysis, that this was true, however, she also 
unexpectedly identified samples that were not sourced back to Watts Point or to any other 
known source in the region; leaving the question “where are these other sources located?” 
FGV artifacts are also being studied outside of the Northwest Coast; Page (2008) 
used sourcing studies in the Bonneville Basin of Utah and Nevada to identify 24 new 
sources.  In Hawaii researchers used geochemical fingerprinting to differentiate between 
basalt quarries used by native Hawaiians (Mills et al. 2008).  Researchers from British 
Columbia applied their techniques for sourcing basalt vessels in Egypt to dacite artifacts in 
the Okanagan area of British Columbia (Greenough et al. 2004; Mallory-Greenough et al. 
2000; Mallory-Greenough et al. 2002).  Through mineralogical analyses five different 
secondary sources for the dacite artifacts were identified; however, the bedrock locations 
are still unknown. 
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FGV artifacts fall within a spectrum of igneous rock types that include basalt, 
andesite, dacite, and rhyolite (Press and Siever 1998).  Artifacts made from these rocks are 
found in flaked stone assemblages from many sites throughout the Northwest Coast.  There 
are many FGV producing volcanoes in the nearby Cascade Range, but only one geologic 
source has been positively matched (via compositional analysis) to artifacts: Watts Point, 
B.C. (Bakewell 2005; Kwarsick 2010; Northwest Research Obsidian Studies Laboratory 
2011).  Similar volcanoes within the North Cascade region also produce the same types of 
lavas; Mount Baker and Glacier Peak have the potential to form siliceous rocks similar to 
Watts Point (Beget 1982b; Bye et al. 2000; Hildreth et al. 2003; Tucker 2004; Waitt et al. 
1995; Wood and Baldridge 1990). Samples collected by Kwarsick have been compared to 
other geologic sources in British Columbia, but not to any North Cascade sources (Kwarsick 
2010).  The potential of Mount Baker and Glacier Peak as geologic sources for FGV artifacts 
is high yet artifacts from local sites have never been compared to these potential sources.   
Traditionally on the Northwest Coast, artifacts are sourced through trace element x-
ray fluorescence analysis; this method, however, when applied to FGVs is still in its infancy 
and has only been applied in a handful of research projects (Kwarsick 2010; Mills et al. 2008; 
Taylor 2012).  Recent research on the Interior Plateau of British Columbia shows that other 
methods for identifying the geologic source of these dacite artifacts can be successful 
(Greenough et al. 2004; Mallory-Greenough et al. 2002).  The hypothesis of my research is 
that the use of a mineralogical method, similar to Greenough et al.’s (2004) method, 
applied to sourcing artifacts in western Washington will lead to the identification of artifacts 
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derived from locales other than Watts Point.  Additionally I expect when compared on the 
basis of mineral composition to other potential FGV sources I can identify new geologic 
sources for artifacts in the region.  
The following chapters will expand on this hypothesis. Chapter two is an overview of 
past sourcing studies in the region, identifying areas where the current method could be 
improved.  Chapter three focuses on the geology of the region, identifying possible 
locations for FGV sources. Chapters four and five discuss the methods used in this analysis 
and the results these methods have produced.  Chapter six discusses the implications of my 
research on future sourcing studies in the region.  
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Chapter II: Background on Lithic Procurement in the Northwest Coast 
 
The word lithic is an adjective that means “of stone” and is used by archaeologists to 
refer to all stone artifacts associated with the manufacture of stone tools, including both 
ground and flaked stone artifacts as well as the refuse produced during their manufacture 
(debitage).  Lithic artifacts vary greatly in shape, size, intended use, and composition.  On 
the Northwest Coast of North America, both flaked and ground stone technologies are 
present, although the prominence of ground stone technology in the archaeological record 
increases over time relative to flaked stone.  This trend is also present in the focus of 
research in Northwest Coast archaeology. Although flaked technology is studied, much of 
the research has focused on ground stone technology, bone and antler artifacts, and other 
more “diagnostic” artifacts (Donald 1995; Pierce 2011; Rorabough 2009).   When flaked 
artifacts are studied the focus is often on the more distinctive artifacts found in the region 
such as microblades and Olcott aged flaked tools (Ackerman 1992; Chatters 2011; Hicks 
1991).   
In western North America, lithic sourcing through chemical analysis, focusing mainly 
on obsidian, has been employed for over 40 years (Ericson et al. 1976; Jack 1976; Nelson 
1984; Skinner 1983); however, obsidian catalogs compiled by geologists were written 
decades prior to any archaeological sourcing studies and provide detailed information 
about obsidian sources throughout the west (Skinner 1983).  At the time of Skinner’s 
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dissertation around 150 locations for obsidian were documented in the western United 
States; only one of these was in Washington State.   
Archaeologists use sourcing, both directly and indirectly, to answer complex 
questions about past human behavior. Chatters (2011), for example, proposed that there 
were multiple local and non-local sources for the lithics found at 2 Olcott aged sites 
(45SN28 and 45SN303).  Locally obtained hornfels were represented in half the artifacts 
while the remainder consists of materials procured from non-local sources.   As a result of 
this work we know that Olcott people were looking for quality materials some of which 
could be found locally.   Sobel (2012) used sourcing to demonstrate a disruption in 
exchange networks at the time of European contact by showing that trade among 
Northwest Coast peoples increased as a result of European influences during the 
postcontact era.  Her case study supports what she calls the Exchange Expansion Model 
(EEM).  Sobel tests this model with obsidian artifacts from three Columbia River 
archaeological sites and argues that a lack of change in the geographic scope of obsidian 
artifacts was because of an expansion in trade of other more prestigious goods.  
Meirendorf’s (1993) discovery of the Desolation Chert Quarry in the North Cascades is 
another example of the extent to which sourcing can influence our knowledge of the past.  
Before his discovery of Hozomeen chert little was known of the extent to which prehistoric 
Native Americans traveled into the upland mountains. The identification of the quarry and 
numerous archaeological sites around it showed that upland travel to the headwaters of the 
Skagit River for various subsistence activities was common.  Further research by Meirendorf 
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(1993 and 1998) showed that upland travel had been happening for 10,000 years and that 
Hozomeen chert was a highly sought after material.   
In the region, obsidian sourcing in particular, has been used to answer many 
questions about prehistoric life (Skinner 1983; Sobel 2012).  The ability to answer these 
kinds of questions is due to the large number of known source and quarry locations, the 
value of the material among native populations, the high concentration of obsidian artifacts 
found in many sites (especially in Oregon and California) and the decades of research on the 
topic (Ericson et al. 1976; Jack 1976; Nelson 1984; Skinner 1983).  Unlike obsidian, however, 
fine-grained volcanic (FGV) rock sourcing has only been employed for the last few years and 
includes a small number of research projects (Bakewell 2005; Greenough et al. 2004; 
Kwarsick 2010; Lundblad et al. 2007; Page 2008; Taylor 2012).  Although these projects have 
done well at showing the efficacy of sourcing FGV artifacts, few have attempted to expand 
knowledge of past human behavior through FGV sourcing studies, even though FGV 
artifacts are common in the region.  This is primarily due to the small number of known 
sources.   
 
Past Research on Fine-Grained Volcanic Artifacts in the Salish Sea 
This thesis focuses on the presence of fine-grained volcanic (FGV) rock in the 
archaeological record and seeks to illustrate a useful method to identify the geologic source 
materials for cataloged artifacts from western Washington.  Edward Bakewell was the first 
to thoroughly study FGV artifacts on the Northwest Coast (1994 and 1996).  Bakewell et al. 
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(1996) analyzed what were believed to be basalt artifacts from British Camp (45SJ24) on San 
Juan Island, Washington.  Geochemical analysis of 35 artifacts from 14 other sites in the 
Salish Sea identified them instead as dacite, a much more siliceous volcanic rock (Bakewell 
2005).  Further analysis of “basalt” rocks in the area showed that this mistaken 
identification was common throughout the region yet the source of the dacite was still 
unknown (Bakewell 1996).  After Bakewell (2005) concluded that these “basalt” artifacts 
were in fact dacite he set out to find the primary geologic source in order to understand 
more about resource intensification, mobility, and material procurement. Through 
petrographic and geochemical analysis Bakewell determined that the dacite (seen 
throughout the Strait of Georgia region) had originally come from Watts Point, B.C.  He 
believed that one material type from one single source was used almost exclusively by the 
Coast Salish people and it was valued highly enough that they traveled north to Watts Point 
to obtain the dacite.   
Kwarsick (2010), however, disagreed with Bakewell and believed that Watts Point 
dacite was available on beaches all along the Salish Sea in the form of beach cobbles and set 
out to prove that people procured their Watts Point dacite from these secondary sources 
(Figure 2.1).  Kwarsick (2010) analyzed 51 cobbles from 17 locations throughout the Salish 
Sea and determined that 63% of them were Watts Point dacite; proving that the dacite was 
available at secondary source locations around the regions cobble beaches.  Kwarsick’s 
research also determined that some dacite beach cobbles were not from Watts Point. She, 
however, did not identify the geologic source of these cobbles.  Further research by Taylor  
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Figure 2.1 Locational map showing Kwarsick (2010) and Bakewell (2005) study areas and 
sample locations. 
 
(2012) began the search for these sources. Taylor analyzed samples from cobble beaches in 
the Puget Sound and Boulder Creek near Mt. Baker and determined they were not 
geochemically similar to Watts Point samples or sampled artifacts from the San Juan 
Islands, leaving the source of these cobbles still unknown. 
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Complications Identified in Past Research 
Current understanding of lithic raw material use in the Salish Sea region is hampered 
in several ways.  First, archaeologists have misused geologic terms and employed 
inadequate identification methods when analyzing FGV artifacts.  Second, the realization 
that much of what was called basalt is actually dacite has led to an over-focus on dacite 
(daciteopia). Lastly, the knowledge that other sources exist, but so far sourcing studies have 
failed to identify them leads to a significant gap in the geospatial understanding of tool 
stone procurement in the region. 
Sample Misidentification  
The first complication I have identified concerns material identification. So far, the 
majority of rock identification has been through macroscopic hand identification which has 
led to a lot of misidentification.  Bakewell (2005) suggested that the use of petrographic and 
geochemical analyses of FGV artifacts should decrease the number of misidentifications and 
exclusions.  FGV artifacts are more difficult to identify than other lithic artifacts commonly 
studied in the region; such as obsidian.  Although identification has improved since 
Bakewell’s research (1996 and 2005), misidentification still occurs.  An excellent example of 
the misclassification of rock type is illustrated by Keith Montgomery’s description of lithics 
from the Sumas site (45WH4) in Whatcom County (Montgomery 1979). He describes two 
“varieties” of basalt, the first is described as “fine grain blackish basalt containing moderate 
amounts of glass particles” (109) and the second as “greyish in color with medium to fine 
grain[s]” (109).  These two “varieties” of basalt are likely two different forms of FGV rock, 
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neither of which are basalt.  Although Montgomery was thorough in his description of 
artifacts the label of “basalt” is still misleading.  Another complication that stems from 
misidentify artifacts as basalt is that FGV artifacts can easily be excluded from research 
projects because they don’t fit the description of basalt. This exclusion likely still exists 
when artifacts don’t fit the description of dacite and is a complication with the next topic 
“daciteopia”.  
Daciteopia 
 Although Bakewell’s research (1996 and 2005) was pioneering in that it utilized 
geologic methods and correctly identified dacite in the archaeological record it had the 
unintended effect of changing “basaltopia” to “daciteopia”, where dacite became the focus 
of all FGV research.  The two most recent studies in the Salish Sea since Bakewell’s research 
both focus on dacite artifacts only (Kwarsick 2010; Taylor 2012); following his suggestion 
that lithic assemblages in the area are dominated by “one material type, from a single 
source” (Bakewell 2005:9).  In both these studies (Kwarsick 2010; Taylor 2012) dacite 
artifacts and cobble samples were identified only through hand identification; no other 
analyses were performed in order to determine true material types.  Even research that 
encompasses all FGV materials uses the word “dacite” as a general term for all FGV artifacts 
which is very misleading (Greenough et al. 2004; Mallory-Greenough 2002).  This has clear 
implications for future research on the topic.  One goal of this thesis is to shift the thinking 
to a more holistic approach to show the importance of studying all FGV artifacts. 
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Shortage of Known Sources 
 Bakewell’s (2005) dissertation argued Watts Point as the geologic source of many 
dacite artifacts in the region.  The only other known FGV sources in the region are Maiden 
Creek, Hat Creek and Arrowstone; all are in south central British Columbia and have not yet 
been identified in artifacts from the Salish Sea (Northwest Research Obsidian Studies 
Laboratory 2014).  Past research, primarily done by Kwarsick (2010), has indicated that 
there are other dacite sources in the region.  Kwarsick’s research identified 15 dacite beach 
cobbles and 11 artifacts that were not of Watts Point origin.  These samples were also 
tested against samples from the three other known FGV sources (Maiden Creek, Hat Creek 
and Arrowstone) and two geologic samples Kwarsick collected from Mt. Meager and Mt. 
Cayley.  Trace element analyses determined that none of these are the source to any of 
Kwarsick’s samples.  Since Kwarsick’s research, only one other project has attempted to 
identify the true geologic source of dacite cobbles from the Salish Sea (Taylor 2012); 
however, it was not a main focus of her dissertation and did not reveal any new sources.   
 
Coast Salish Prehistory: Settlement Patterns, Mobility, and Lithic Procurement 
  The Northwest Coast culture area extends from southern Alaska to northern 
California and is divided into three regions: The North Coast, Central Coast and Southern 
Coast (Ames 1994; Ames and Maschner 1999; Matson and Coupland 1995).  The North 
Coast extends from southern Alaska to northern British Columbia, Canada. Tribes within this 
region include the Tlingit, Haida and Kwakiutl.  The Southern Coast encompasses the area 
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from the Columbia River to northern California. Tribes within the Southern Coast include 
the Tillamook and Athapaskans.  This thesis focuses on the Central Coast region.  The 
northern extent of the Central Coast region begins in northern British Columbia, Canada and 
extends south to the Columbia River.  The Coast Salish tribes are in the majority of the 
region. 
 The Coast Salish tribes associated with archaeological sites evaluated in this thesis 
are the Nooksack, Lummi, Semiahmoo, Samish, and Swinomish.  A look at the historic 
settlement patterns of these tribes as well as real world environmental influences helps to 
develop models for how people moved across the landscape and accessed raw materials.  
This can help us understand whether or not lithic procurement was a specific task 
performed by people or if it was imbedded in other tasks such as fishing or hunting.  
Traditional Nooksack territory extended from Mt. Baker, Washington following the 
Nooksack River west to the shores of Bellingham Bay (Figure 2.2).  Traditionally, Nooksack 
subsistence focused on resources available from the nearby rivers and lakes they controlled 
(Richardson 2011, Ruby 1986, Suttles 1990). Approximately, 50% of the Nooksack diet 
included fish and other aquatic life obtained from the Nooksack, Sumas, and Skagit rivers as 
well as from other nearby lakes and Bellingham Bay (Ruby 1986).  Access to the coastline as 
well as the Nooksack River provided access to material suitable for flaked tool manufacture. 
The Nooksack also took advantage of upland travel and followed many trails through the 
North Cascades en route to numerous resources sites (Reid 1987).  The Nooksack hunted 
elk and mountain goat as well as collected berries in the North Cascades near Mt. Baker and  
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Figure 2.2 Traditional territories of the Nooksack, Lummi, Semiahmoo, Samish, and   
Swinomish (adapted from Richardson 2011:18). 
 
the Twin Sisters Mountains. The major rivers that flow through the area also were a link to 
other tribes east of the Cascades.  Where rivers cut through bedrock, outcrops of raw 
materials for tool manufacture were available.  The Nooksack people also had strong 
trading relationships with their neighboring tribes which allowed for other neighboring 
tribes to have access to the same materials (Reid 1987). 
The Semiahmoo traditionally lived in the area of present day Blaine, Washington 
south into Birch Bay, Washington.  Subsistence for the Semiahmoo included mostly fishing. 
Ruby (1989) suggests that Spanish explorers were the first to see the Semiahmoo fishing off 
Point Roberts in 1791.  This fishing economy makes it likely that the Semiahmoo had access 
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to numerous beach deposits of materials suitable for making flaked stone tools.   
Traditionally, Lummi territory extended from modern day Ferndale, Washington 
west into the San Juan Islands.  Sometime in the 1950’s the Lummi abandoned the majority 
of their settlements in the San Juan Islands and moved to the mainland (Ruby 1986).  The 
Lummi, like other Coast Salish tribes, focused subsistence primarily on fishing.  The Lummi 
had access to the open waters between the San Juan Islands and Bellingham Bay.  After the 
1950’s the Lummi also shared access to the Nooksack River with the Nooksack tribe.  Access 
to these waterways and beaches around them provided an abundance of material suitable 
for making flake stone implements. 
 The Samish territory traditionally encompassed many of the islands southwest of 
Bellingham Bay including Samish Island, some of the San Juan Islands and Fidalgo Island.  
Subsistence was derived primarily by fishing in and around the waters of the Strait of 
Georgia.  The Samish tribe is best known for their potlatches, gift giving ceremonies and 
feasts that included numerous members of Coast Salish tribes from all over the region 
(Ruby 1986).  Potlatch ceremonies included trading and gift giving; at these ceremonies the 
tribes in the Coast Salish region likely traded materials available around the region that 
would be suitable for making flaked stone tools.  Oral knowledge of quarries and FGV rock 
outcrops in the North Cascades was also likely shared at the potlatch ceremonies. 
Traditional Swinomish tribal land included northern Whidbey Island, islands within 
Similk Bay and Skagit Bay as well as parts of the Skagit River on the mainland.  Swinomish 
subsistence focused primarily on resources available in the waterways within their territory 
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with approximately 70% of their diet coming from fish and other marine animals (Ruby 
1986: 230).  Access to the Skagit River, which headwaters at Mt. Baker, as well as access to 
coastal beaches provided materials suitable for making flaked stone tools.   
Occupational Chronology 
 One way to begin studying prehistoric lithic procurement practices is by 
understanding how they may fluctuate through time based on changes happening within a 
culture during different time periods (e.g. subsistence, mobility, and social customs).   
Occupation by native peoples of the Northwest Coast region is divided into five 
periods: Paleoindian (12,500 to 10,500 BC), Archaic (10,500 to 4400 BC), Early Pacific (4400 
to 1800 BC), Middle Pacific (1800 BC to 200/500 AD), and Late Pacific (AD 200/500 to AD 
1775) (Ames and Maschner 1999).  Radiocarbon dates and artifacts from the sites discussed 
in this thesis span the Archaic through the Late Pacific time periods (chapter 4).   
 The Northwest Coast culture is divided into regional chronologies as well.  In the 
Gulf of Georgia region five distinct cultural phases exist, each characterized by differences in 
technology, subsistence and social customs (Ames and Maschner 1999; Matson and 
Coupland 1995) (Table 2.1).  Some of these differences can have a huge impact on lithic 
procurement.  Ames et al. (2010) attributes the abrupt introduction of ground stone 
technology to the change towards a semi-sedentary, seasonally defined mobility pattern in 
the Gulf of Georgia region.  In addition, the importance of one technology can bring people 
to specific locations to collect important materials, like the use of the Desolation Chert  
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Table 2.1 Diagnostic artifacts of Gulf of Georgia culture phases (Ames and Maschner 1999, 
Mitchell 1971).  
Northwest 
Coast 
Chronology 
Gulf of Georgia 
Culture Phase 
Diagnostic Flaked 
Stone Artifacts 
Diagnostic Ground 
Stone Artifacts 
Other 
Diagnostic 
Artifacts 
A
rc
h
ai
c Old 
Cordilleran/Olcott 
(10,000-4500 BP) 
- Large sized flaked 
stone leaf-shaped 
bifaces 
- Cobble tools 
 - Antler 
Wedges 
Ea
rl
y 
P
ac
if
ic
 
St. Mungo  
(4500-3500 BP) 
- Medium to large 
sized flaked stone 
bifaces (leaf-
shaped, stemmed, 
and shouldered 
points) 
- Cobble tools 
- Flaked stone drills 
- Microblades (rare) 
- Ground-slate points 
and knives 
- Labrets 
- Stone pendants 
- Abraders 
 
- Bone tools 
(awls, 
points) 
- Antler 
wedges 
- Harpoons 
(some) 
M
id
d
le
 P
ac
if
ic
 
Locarno Beach  
(3500-2400 BP) 
- Medium sized 
flaked stone 
“basalt” bifaces 
- Microblades and 
Microcores 
- Cobble tools 
 
- Ground-slate points 
and knives 
- Celts 
- Gulf Island Complex 
Objects (GICO) 
- Labrets 
- Earspools 
- Net sinkers 
(grooved or 
notched) 
- Abraders 
- Bone 
wedges 
- Barbed 
antler 
points 
- Toggling 
harpoons 
(antler 
foreshafts) 
Marpole  
(2400-1400) 
- Medium sized 
flaked stone 
bifaces (stemmed 
and unstemmed) 
- Large leaf-shaped 
flaked stone points 
- Microblades 
- Bone tools (awls, 
needles) 
 
- Ground-slate points 
and knives 
- Celts 
- Mauls (nipple-top) 
- Labrets 
- Perforated stones 
(large and small) 
- Decorative stone 
sculpture (bowls, 
human figurines) 
- Unilaterally barbed 
harpoons 
- Antler (points, 
wedges, and 
sculpture) 
 
- Native 
copper 
ornaments 
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Table 2.1 cont’d. 
La
te
 P
ac
if
ic
 
Strait of Georgia 
(1400-300 BP) 
- Small triangular 
flaked “basalt” 
stone bifaces 
(rare). 
- Triangular ground-
slate points and 
knives 
- Celts 
- Mauls (flat-topped) 
- Abraders 
- Personal adornment 
items (beads, pins) 
 
- Unilaterally 
barbed 
bone points 
- Bone tools 
(points, 
awls, fish 
hooks) 
- Unilaterally 
barbed 
harpoons 
 
 
Quarry, most intensively used during the Olcott and St. Mungo culture phases when flaked 
stone technology was highly valued (Table 2.1) (Meirendorf 1998). 
 A distinct change in lithic artifacts is evident throughout the Gulf of Georgia culture 
phases.  The Old Cordilleran, also known as Olcott, is the oldest culture phase on the 
Northwest Coast (10,000 − 4500 BP).  Lithic artifacts are a primary component of 
assemblages from sites within this culture phase, likely due to the lack of preservation of 
other artifacts (Ames and Maschner 1999; Matson 1976 and 1992; Matson and Coupland 
1995).  These artifacts are often made from extremely siliceous flakeable materials like 
dacite, andesite and rhyolite. At Glenrose Cannery lithic artifacts include leaf-shaped 
bifaces, flaked cobble tools (approximately 44% of the lithic assemblage), hammerstones, 
and other flaked stone artifacts (Matson 1976; Matson and Coupland 1995).  Ground stone 
artifacts are also present at Glenrose Cannery but flaked stone is much more common.  This 
is typical for sites from the Olcott culture phase.  Olcott sites are less common than sites 
from other culture phases on the Northwest Coast.  The best known is Glenrose Cannery 
but Olcott components are part of many northwest Washington sites.  The Ferndale site 
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(45WH34), discussed in this thesis, as well as sites in nearby Birch Bay are believed to have 
components that date to this early culture phase (Grabert 1979).  
Glenrose Cannery also includes components from the St. Mungo (4500 – 3300 BP) 
culture phase.  The St. Mungo phase is one of three that encompasses the larger Charles 
Culture on the Northwest Coast (Matson and Coupland 1995).  The three best described St. 
Mungo sites are Glenrose Cannery, St. Mungo and Crescent Beach (all in southern British 
Columbia).  A clear change in the lithic assemblages is present at St. Mungo sites.  At 
Glenrose Cannery the presence of cobble tools decreases from high percentages in the 
Olcott component to much lower ones during the St. Mungo phase.  A rise in ground stone 
artifacts is seen during the St. Mungo component as well as the first appearance of some 
typical Northwest Coast type artifacts (barbed bone points, harpoons, needles, etc) (Ames 
and Maschner 1999; Matson 1972 and 1992; Matson and Coupland 1995).  The presence of 
shell middens in St. Mungo sites shows the beginning of marine life subsistence 
intensification.  This clear change in technology reflects a change in subsistence and social 
organization. 
Most of the archaeological sites discussed in this thesis range from the Locarno 
Beach to the Marpole phases of the Middle Pacific period.  During these cultural phases, a 
change in subsistence is observed (Ames and Maschner 1999; Matson 1992; Matson and 
Coupland 1995).  Marine intensification is identified in faunal assemblages as well as 
through the increased presence of harpoons.  Faunal assemblages in these sites also show 
an increase in salmon intensification (typical of Northwest Coast culture). 
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The Locarno Beach phase begins about 3500 BP and ends around 2400 BP.  There 
are numerous sites throughout the Gulf of Georgia region that have Locarno Beach 
components including Whalen Farm, Musqueam and Locarno Beach.  During the Locarno 
Beach culture phase, the number of flaked stone artifacts decreases while previously 
unseen artifacts appear.  The presence of more Northwest Coast type artifacts like toggling 
harpoons, ground slate points, and needles increases.  Previously unseen artifacts like 
labrets, Gulf Island Complex Objects (GICO) and quartz crystal microblades also appear at 
this point (Ames and Maschner 1999; Matson 1992; Matson and Coupland 1995).  This 
change in artifact types corresponds to changes in social organization where social 
inequality begins to appear in the archaeological record (Ames and Maschner 1999).   
Marpole components are found in sites throughout the Gulf of Georgia region and 
are distinctly dated between 2400 and 1400 BP.  Almost all sites described within this thesis 
include a Marpole component.  During the Marpole culture phase a change towards more 
typical artifacts associated with Northwest Coast culture is seen.  Artifacts including 
decorative bowls and figurines, labrets, and other personal adornment items are found in 
Marpole sites.   Large houses, Northwest Coast style artwork and more examples of social 
inequality are also present during this phase (Ames and Maschner 1999; Matson 1992)).  
During the Marpole culture phase flaked stone artifacts like projectile points and 
microblade technology still persist, but are less common.  Changes in Marpole type artifacts 
is seen in the appearance of large mauls, unilaterally barbed harpoons (entirely replacing 
toggling harpoons) and an increase in ground stone artifacts (Matson and Coupland 1995). 
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The Late Pacific period is known by numerous names in the Gulf of Georgia region.  
For purposes in this thesis, the time period between 1400 BP and 300 BP will be referred to 
as the Strait of Georgia phase.  Flaked stone artifacts persist in this culture phase but are no 
longer specialized (i.e. microblades).  Ground stone technology also continues to persist 
through the presence of artifacts like ground slate points, celts and mauls (Ames and 
Maschner 1999).  Bone points, pins and harpoons also are common in the Strait of Georgia 
phase.  Subsistence still focuses on marine resources and salmon. 
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Chapter III: Regional Geology and Potential Geologic Sources of Fine Grained Volcanic 
Artifacts in the North Cascades 
 
 If we as archaeologist want to do a better job of understanding the use of fine-
grained volcanic (FGV) rocks by prehistoric peoples on the Northwest Coast then the first 
place to start is by gaining a better understanding of the regional geology in order to 
determine areas where people would have procured their materials.  Ultimately the 
materials chosen are dictated by the types of raw material available, locations from which it 
can be procured, and intended use. 
Regional Geology 
This thesis discusses FGV rocks from the North Cascade region of the Cascade Range.    
The Cascade Range stretches from British Columbia, Canada to California.  Like many 
volcanic arcs, the Cascade Range is formed at a subduction boundary, where one plate 
drops below another and creates a melting zone of hot magma (Press and Siever 1998). 
Volcanoes and volcanic arcs are formed from the magma within this melting zone when 
subduction happens beneath a continent.  The Cascade Range was formed from the melting 
of the Plate of Juan de Fuca under the North American Plate (Bye et al. 2000; Tabor and 
Haugerud 1999).  
Volcanism and Igneous Rocks  
 Volcanoes are the source of all FGV rocks on the Northwest Coast.  Volcanoes are 
formed when magma from the earth’s interior rises to the earth’s surface (Press and Siever 
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1998). Over millennia, these eruptions accumulated enough mass to create mountains. The 
lavas from which the volcanoes are formed fall under three categories: Basaltic Lava, 
Rhyolitic Lavas, and Andesite Lavas (Table 3.1). 
 
Table 3.1 Lava types and the igneous rocks they produce (Press and Siever 1998). 
Lava Magma 
Temperature 
Silica Content Common Igneous Rocks and 
Minerals 
Basaltic Lavas- Dark in 
color; low viscosity; 
extremely fluid 
- Flood Basalts- fluid 
lava the cools on a 
flat terrain 
- Pahoehoe and Aa- 
cools while flowing 
downhill 
- Pillow Lavas- 
characteristic of 
underwater 
eruption 
 
 
 
 
1000-1200°C 
 
 
 
 
Low 
(mafic) 
- Basalt  
- Gabbro 
- Biotite (mica) 
- Amphiboles 
- Pyroxenes 
- Olivine 
Rhyolitic Lavas- Light in 
color; high viscosity; 
resistant to flow 
 
 
800-1000°C 
 
 
High 
(felsic) 
- Rhyolite 
- Granite 
- Obsidian 
- Quartz 
- Potassium Feldspar 
- Plagioclase Feldspar 
- Muscovite (mica) 
Andesite Lavas- 
properties fall between 
basaltic and rhyolitic 
lavas 
 
 
800-1200°C 
 
 
Intermediate 
- Dacite 
- Andesite 
- Granodiorite 
- Diorite 
- Any of the minerals 
found in felsic and mafic 
rocks 
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Over 400 million years of earth’s history is recorded in the North Cascades which 
contain an assortment of rock types (igneous, metamorphic and sedimentary) (Tabor and 
Haugerud 1999).  Igneous rocks in the North Cascades include basalt, andesite, dacite and 
rhyolite in both extremely fine-grained (even glassy) and coarse-grained forms.   
 
North Cascadian Volcanoes 
The following discussion focuses on three volcanic peaks within the North Cascades 
that contain FGV materials that could be present in the archaeological record: Watts Point, 
B.C., Mount Baker, and Glacier Peak (Figure 3.1).  Artifacts produced from Watts Point rocks 
have been found in archaeological sites throughout the Northwest Coast (Bakewell 2005, 
Kwarsick 2010). The other two, Mount Baker and Glacier Peak also contain rocks suitable for 
tool production; however, rocks from these locations have never been identified in the 
prehistoric record. 
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Figure 3.1 Location of Watts Point, Mount Baker, and Glacier Peak; potential 
geologic sources for FGV artifacts in Northwest Washington. 
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Watts Point 
 Watts Point, located 40 km north of Vancouver, Canada, is a small (0.02km3) outcrop 
of extremely fine grained dacite (Bye et al. 2000).  It belongs to the Garibaldi Belt, part of 
the greater Cascade Arc (Figure 3.1).  Volcanoes within the Garibaldi Belt are comprised 
mainly of andesites and dacites but also include basalts and rhyolites.  Watts Point is 
composed mostly of dacite; K-Ar dating identifies the rocks age to be 0.09 +/- 0.03 to 0.13 
+/- 0.03 Ma, during the Frasier glaciation (Green et al. 1988). Bye et al. (2000) argues that 
the formation of Watts Point dacite in a subglacial environment allowed for distinct features 
within the flows, including the fine glassy groundmass of the dacite which is formed when 
lava cools quickly.  This extremely fine-grained groundmass is ideal for tool production and 
is probably why Watts Point dacite is commonly found in northwest archaeological sites. 
Mount Baker 
 Mount Baker is the northern-most volcano in the Cascade Range south of the 
international border.  The andesitic volcano is situated in Whatcom County, Washington 
approximately 30 mi east of the city of Bellingham (Figure 3.1) (Stravert 1971; Wood and 
Baldridge 1990).  The volcano, like Watts Point, is part of the Garibaldi Belt and consists of 
andesitic lavas that produce mostly andesites and dacites although basalt and rhyolite flows 
are also present (Hildreth et al. 2003; Tucker 2004; Wood and Baldridge 1990).   
 Geologic conditions at Mount Baker make it likely that FGV rocks are present and 
could have been obtained near the source or transported down the mountain to be 
collected.  Mount Baker, similar to Watts Point, has been covered by glaciers throughout its 
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history (Wood and Baldridge 1990).  Since this is the case it is also likely that some eruptions 
happened subglacially at Mount Baker.  Like at Watts Point, these subglacial eruptions may 
produce volcanic rocks with fine-grained properties due to rapid cooling.  In the fall of 2011 
geologist Dave Tucker provided me with two samples of a glassy rock from Mount Baker.  
These samples are discussed in later chapters, but prove that FGV rocks are present on 
Mount Baker.   
 Procurement of this FGV material could have happened in a few different ways. It is 
well documented that travel into the mountains was common in the past (Mierndorf 1986 
and 1993).  Desolation Chert quarry is one example of a well-used material procurement 
location in the North Cascades.  Transportation of these FGV materials from their bedrock 
source also could have happened through a variety of geologic processes.  The headwaters 
of the Nooksack River and the Skagit River are located on Mount Baker.  Mount Baker, like 
many volcanoes in the region, also has produced numerous lahars (mud flows) during its 
eruptive past.  Lahars are fast moving mud flows that carry mud, rocks and debris down a 
volcano during an eruption (Press and Siever 1998).   During the last 10,000 years at least 
eight lahars originated from Mount Baker; they continue to be one of the greatest potential 
hazards of living near Mount Baker (Wood and Baldridge 1990). 
 Mount Baker as a potential geologic source for local FGV artifacts is a realistic 
possibility.  The conditions necessary to form glassy materials are present at the mountain, 
and some samples have already been located.  We know that with detailed knowledge of 
the environment and location of needed materials, it is likely that FGV could have been 
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procured directly from the source. In addition to this, the geologic processes necessary to 
bring these FGV materials from Mount Baker to secondary locations where they would be 
collected also exists (Table 3.2).   
Glacier Peak 
  Glacier Peak is the southernmost volcano of the Garibaldi Belt.  The volcano is 100 
km northeast of Seattle, Washington and 110 km south of the USA-Canada International 
Border (Figure 3.1).  Glacier Peak is primarily a dacite stratovolcano, and is considered one 
of the most active volcanoes in the Cascade Range (Mastin and Waitt 2000; Taylor 2001; 
Wood and Baldridge 1990).   Glacier Peak is a relatively young volcano, known to have first 
erupted no earlier than 700,000 years ago; the majority of eruptions at Glacier Peak have 
taken place during the past 20,000 years (Beget 1982a).  Rocks from Glacier Peak have been 
found in alpine glacier drifts that date to 18,000 years ago during the Frasier Glaciation.  The 
best known and more active period at Glacier Peak happened during the last 14,000 years 
(Beget 1982b; Waitt et al. 1995).   Historic accounts given by native people in the region 
suggest the last eruption was in the 19th century (Mastin and Waitt 2000).  
 Although upland travel to Glacier Peak is possible, the most likely scenario for 
Glacier Peak dacite being utilized by prehistoric people is the opportunistic collection of 
dacite from the numerous lahar deposits that cover the landscape.  The most extensive 
lahar deposits are associated with the most recent eruptions at Glacier Peak, after the 
glaciers retreated during the last Ice Age.   Lahar deposits from Glacier Peak have been 
found in the valleys of the Suiattle, White Chuck, Sauk, Skagit, and Stillaguamish Rivers 
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(Beget 1982a and Waitt et al. 1995).  These lahar deposits extend far enough west to have 
been easily accessed by native peoples.  Beget (1982a) reports of at least one lahar deposit 
that extends 20 km west of Darrington, Washington. Mastin et al., (2000) describe a seven-
foot thick lahar deposit 60 miles downstream of Glacier Peak in the Stillaguamish River 
valley.  Glacier Peak dacite has also been found in deposits 40,000 years B.P. and older in 
numerous locations around Whidbey Island (Dragovich et al. 2005). 
 The extensive distribution of these lahars, and the FVG rocks contained within their 
deposits, make it likely that Glacier Peak dacite was widely available for tool manufacture 
by the native populations that lived in the area (Table 3.2).  Kwarsick (2010) describes FGV 
obtained from deposits on Whidbey Island as having an unknown origin.  These samples 
were never compared to Glacier Peak samples, and potentially could have been derived 
from a Glacier Peak lahar deposit.   
 
Table 3.2 Possible primary and secondary source locations for artifacts. 
Primary 
Source 
Secondary Sources 
Towards the Coast 
Lava Composition Accessibility by 
Native Populations 
Watts Point Available at cobble 
beaches throughout the 
Salish Sea (Kwarsick 2010). 
Primary: Andesitic 
Some: Rhyolitic and 
Basaltic 
Yes 
Mount Baker Rivers: Nooksack, and 
Skagit 
Lahars: 8 in last 10,000 
years 
Primary: Andesitic 
Some: Rhyolitic and 
Basaltic 
Yes 
Glacier Peak -Rivers: Stillaguamish, 
Skagit, Suiattle, Sauk and 
White Chuck. 
-Lahar deposits as far west 
as Whidbey Island 
Primary: Andesitic Yes 
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Chapter IV: Methods 
 
Introduction to Artifact Sourcing 
 Artifact sourcing is a tool frequently used by archaeologists worldwide to answer 
questions about past human behavior.  Although this thesis focuses on lithic sourcing, 
sourcing is also used on a variety of artifacts from clay to shell and ochre (Bernatchez 2008; 
Claassen and Sigmann 1993; Emerson and Hughes 2000).  In general, sourcing is used to link 
artifacts with locations by comparing compositional data between two objects. In the 
example of shell sourcing, it can be used to identify bodies of water where food gathering 
took place in order to answer questions regarding resource locations and/or trading 
between communities (Claassen and Sigmann 1993).  Some limitations to sourcing exist. A 
source is defined by it homogeneity in its composition and it must be distinguishable from 
other regionally available sources.  In terms of lithic sourcing these limitations included 
knowing the location of possible quarries and having the geochemical data on those 
quarries. An artifact cannot be sourced unless the geologic source is first known; this can be 
problematic when very few geologic sources are known.  As more sources are identified 
ambiguity between sources lessens and a clearer picture of lithic sourcing is produced. 
 Geochemical variation within a source can also exist, making lithic sourcing even 
more complex.  If a source consists of numerous lava flows then each lava flow will have a 
separate geochemical signature. In general all the flows from that source should reflect the 
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source as a whole with slight variation between flows. This means that sourcing of both a 
geologic location (e.g. Mt. Baker) and its separate lava flows is possible. 
On the Northwest Coast lithic sourcing is primarily applied to obsidian artifacts. 
Although lithic sourcing is common, fine-grained volcanic (FGV) sourcing on the Northwest 
Coast is still in its infancy and is mostly limited to understanding the utilization of the only 
known source: Watts Point, BC (Bakewell 2005; Greenough et al. 2004; Mallory-Greenough 
et al. 2002; Kwarsick 2010).   
Previous sourcing studies have followed the more traditional method of trace 
element composition analysis (Kwarsick 2010; Page 2008; Taylor 2012).  This method has 
proven to be useful in the identification of Watts Point dacite in artifact assemblages in the 
Salish Sea, but other methods have also shown their worth by identifying sources in the 
interior plateau (Mallory-Greenough et al. 2002; Greenough et al. 2004,).   This thesis 
research aims to use an alternative method of sourcing set forth by Greenough et al. (2004) 
to identify other, previously unknown, geologic sources for FGV artifacts in western 
Washington. 
 
Archaeological Site and Artifact Sample Selection 
 Artifacts were selected from previously excavated collections from nine 
archaeological sites in western Washington. Visual examination of artifacts from these sites 
suggested that FGV materials were included in these assemblages. Geologic sourcing has 
never been applied to artifacts from any of these sites, which is generally true of sites in 
32 
 
Northwestern Washington, thus this is the first in-depth analysis of the FGV artifacts from 
each site.  The goal of artifact selection was to obtain samples representing a broad 
temporal span and varying geologic distance from known and possible geologic sources in 
the North Cascades.  Most samples are from collections held at Western Washington 
University (WWU), but these were augmented with 4 artifacts on loan from North Cascades 
National Park (NOCA) which provided a much better geographic range and a greater 
likelihood of matching artifacts to sources within the Cascades.  A total of 124 artifacts were 
chosen for analysis in this investigation (Appendix A).  The majority of artifacts came from 
six collections held at WWU that represent sites in coastal locations or on river floodplains 
at low elevations (45WH1, 45WH4, 45WH17, 45WH34, 45WH55, and 45SK46).  These sites 
were chosen because: 1) visual, hand specimen examination of artifacts in each assemblage 
suggested the presence of FGV artifacts; 2) geologic sourcing had never been applied to any 
artifacts at the sites; 3) these are well-dated sites (except for 45WH4) that span a timeframe 
on the Northwest Coast that includes the Archaic period through the Late Pacific period, 
and encompasses five regional chronologies (Olcott, St. Mungo, Locarno Beach, Marpole, 
and Strait of Georgia) (Figure 4.1); and 4) these sites are near potential geologic sources for 
FGV materials.   
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 Figure 4.2 Map of archaeological sites used in this research. 
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45WH1-Cherry Point 
 The Cherry Point site (45WH1) is located in western Whatcom County in 
Washington State (Sec. 19, T39N, R1E).  The site sits on a wave cut terrace overlooking the 
Strait of Georgia region of the Salish Sea (Figure 4.2). Modern erosion of the shoreline has 
led to site disturbance throughout the years of excavation at Cherry Point.  Excavations 
began in 1954 supervised by H.C. Taylor (Western Washington State College) and were later 
returned to between 1969 and 1986 as part of field schools conducted by Western 
Washington University under the direction of Garland Grabert. 
Historically the site was used for farming and fish processing (Blodgett 1976; Grabert 
1988; and Markham 1995).  Remains of an abandoned orchard, historic buildings and a 
wood flume were present at the time of excavation.    The prehistoric component of the site 
encompasses a large shell midden, approximately 22,500 m2 stretching between the local 
unnamed creek to the shoreline. Occupation at Cherry Point began about 3300-2840 cal 
B.P. (Table 4.1).  Components fall within Locarno Beach, Marpole, and Strait of Georgia 
culture phases. 
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Table 4.1 45WH1 radiocarbon dates. 
Excavated Unit Material Depth 
(cmbs) 
Conventional 
Radiocarbon 
Age (BP) 
2 ∑ Cal. BP Reference 
S1W10 Shell 80-100 3340 +/- 30 - - 
S4W4 Shell 40-60 3260 +/- 90* 3330 - 2840 Taber 2010*** 
S4E1 Shell 40-60 3120 +/- 90* 3150 - 2720 Taber 2010*** 
S10E13 Shell 80-100 2910 +/- 80* 2830 - 2450 Palmer 2011*** 
S16E17 Shell 40-60 2810 +/- 90* 2750 - 2320 Todd 2011*** 
S16E17 Shell 80-100 2790 +/- 80* 2730 - 2320 Todd 2011*** 
S7E8 Charcoal 160-175 2630 +/- 240** - Blodgett 1976 
N3W9 Bone 36 2420 +/-30 2690 - 2640 and 
2610 -2590 and 
2500 - 2350 
Palmer 2011*** 
S1E1 Charcoal 60-80 2340 +/- 200** - Blodgett 1976 
S9E19 Charcoal 59 1640 +/- 200** - Blodgett 1976 
S3W4 Charcoal 72 1300 +/- 200** - Blodgett 1976 
S24E29 Charcoal 70 1230 +/- 40 1270 - 1060 Palmer 2011*** 
S21E29 Bone 80-100 1140 +/- 30 1140 - 970 Dubeau 2011*** 
S1W10 Shell 60-80 1070 +/- 25 - - 
S8E8 Shell 80-100 860 +/- 60 550 - 410 Campbell 2011 
S21E29 Bone 40-60 90 +/- 30 270 - 210 and 
140 - 20 and 
0 – 0 
Dubeau 2011*** 
*Adjusted for Local Reservoir  
**Measured Radiocarbon Age 
***From WWU Student Research Grants 
 
Twenty-five flaked stone artifacts were selected from the Cherry Point site (45WH1) 
for this investigation.  Artifacts were chosen based on their association with a radiocarbon 
date.  Sixteen radiocarbon dates derived from 13 different units exist at Cherry Point.  
Artifacts were picked from either a dated excavation unit or an excavation unit next to a 
radiocarbon dated unit; ten excavation units were used in this analysis (Table 4.2).  Within 
these units, artifacts were chosen based on whether a macroscopic examination suggested 
they were made from a FGV rock.  Not every dated excavation unit contained flaked 
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artifacts suitable for this analysis.  Figure 4.3 shows the excavation units used for this 
analysis.   
 
Table 4.2 45WH1 Artifact provenience in relation to radiocarbon date provenience. 
Excavation Unit Radiocarbon Date 
(2 Cal. BP) 
Radiocarbon Date 
Provenience  
(cmbs) 
Associated Artifacts with 
Provenience (cmbs) 
 (Osiensky Catalog Number) 
S1W10 3340 +/- 30*** 
1070 +/- 25*** 
80-100 
60-80 
89: 60-80 
90: 60-80 
S1W9* 3340 +/- 30*** 
1070 +/- 25*** 
80-100  
60-80 
99: Level Unknown 
100: Level Unknown 
S4W4 3330 - 2840 40-60 88: 100-120 
S4E1 3150 - 2720 40-60 92: 40-60 
93: 40-60 
S2E1* 2340 +/-200** 60-80 91: 80-100 
S1E1 2340 +/-200** 60-80 94 (biface): 40-60 
S2W4* 1300 +/- 200** 72 87: 40-60 
S24E29 1270 - 1060 70 101: 80-100 
102: 80-100 
103: 80-100 
104: 80-100 
105: 60-80 
106: 60-80 
107: 60-80 
108: 60-80 
109: 60-80  
110 (biface): 60-80 
111 (biface): 80-100 
S21E29 1140 - 970  
270 - 210 and 140 - 
20 and 0 - 0 
80-100 
40-60 
 
96: 80-100 
97: 80-100 
98: 80-100 
S22E29* 1140 - 970  
270 - 210 and 140 - 
20 and 0 - 0 
80-100 
40-60 
 
95: 80-100 
*Adjacent to Dated Excavation Unit 
**Measured Radiocarbon Age 
***Conventional Radio Age (BP) 
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45WH4-Sumas 
The Sumas site (45WH4) is located in northern Whatcom County, Washington, just 
south of the US-Canadian International Border (Sec. 32, T41N, R5E) (Figure 4.2).  The site is 
primarily a surface lithic scatter site, due to recent agricultural plow zone disturbance, that 
lies on the north terrace of Mud Slough. The Sumas site was first recorded in 1951 by 
Richard V. Emmons of Western Washington State College. Historically, use of the area 
included removal of a barn, rechanneling of Mud Slough (in 1959) and extensive farming.  
This work resulted in damage to the site spreading artifacts from their original location, 
although there appears to still be some spatial integrity to the site based on clustering of 
the artifacts (Schuster and Miller 2011).  Excavation at the site also showed there are 
undisturbed components below the plow zone.    
 After the initial relocation by Keith Montgomery (1979), a surface Controlled 
Systematic Recovery (CSR) and excavation were conducted resulting in the collection of 
2135 prehistoric lithic artifacts which were later analyzed by Montgomery (1979) in his 
Master’s thesis.  The majority of artifacts were collected from the surface; the rest were 
collected from five excavation units. Montgomery identified 1804 (84.5%) artifacts as basalt 
based on hand specimen examination.   
Artifacts from 45WH4 suggest the site was occupied during the Marpole culture 
phase on the Northwest Coast.  Montgomery (1979) argues that the lack of artifacts from 
older phases (e.g. cobble tools) shows that occupation occurred during the Marpole phase 
only and didn’t extend back to earlier culture phases. 
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The Sumas site is the only site in this investigation that isn’t well dated; because of 
this, artifacts were chosen based on other criteria. Twenty-four flaked stone artifacts were 
selected for analysis of the Sumas site (45WH4). The majority of the assemblage at 45WH4 
was obtained through surface collection, although five 1 x 2 m units were also excavated 
(Figure 4.4).  The only radiocarbon date is from a test unit that had a historic component 
overlying a prehistoric component similar to the surface-collected lithics.  The only organic 
material was a shell, which yielded a date of 370+/-30, more likely to be associated with the 
historic component than the prehistoric one.     All 24 flaked stone artifacts used in this 
analysis were from the two excavated units that had prehistoric features: S1W7 and N1E9 
(Montgomery 1979).  Feature 1 in S1W7 at 30-75 cm below surface contained two fire 
hearths and seven post holes.  The larger of the two fire hearths was completely excavated; 
the second one was only partially excavated (Figure 4.5).  Numerous artifacts including an 
abrader, ochre, and “basalt” flakes are associated with these features.  Feature 2 a fire 
hearth in N1E9 at 30-45 cm below surface also has an associated post hole.  Artifacts 
associated with this feature are charcoal, shell and fire broken rock. 
 All artifacts were chosen from level bags from S1W7 (n=15) and N1E9 (n=9).  Each 
artifact came from levels associated with the feature.  Artifacts from S1W7 were retrieved 
from depths 20-70 cm below surface; artifacts from N1E9 were retrieved from a depth of 
20-30 cm below surface (Table 4.3).   
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Table 4.3 Provenience of artifacts analyzed at 45WH4 
Excavation Unit Artifact Depth Number of Artifacts 
S7W1 20-30 6 
S7W1 30-40 4 
S7W1 40-50 2 
S7W1 50-60 2 
S7W1 60-70 1 
N1E9 20-30 9 
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Figure 4.4 Plan view of 45WH4 excavation units. Units in red are used in this  
analysis (adapted from Montgomery 1979: 108). 
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Figure 4.5 Plan view of Feature 1 at 40cmbs. Note location of fire hearth one and  
fire heart two (from Montgomery 1979: 171). 
 
45WH17-Semiahmoo 
The Semiahmoo site (45WH17) is located on the northwestern most point of 
Whatcom County, Washington within the city limits of Blaine.  The site, which extends 400 x 
200 meters across and has cultural deposits up to 7 meters in thickness, sits on the base of 
Semiahmoo Spit, forming the western boundary of Drayton Harbor (Figure 4.2) (Gaston 
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1975; Grabert et al. 1978).   The Semiahmoo site was originally reported in 1952 by H.C. 
Taylor of Western Washington State College, but no site form was ever filed.  Taylor later 
excavated the site between 1964 and 1968.  Excavations at Semiahmoo later continued in 
1969 and 1973 under the direction of Milton Clothier (Sehome High School) and Jeannette 
Gaston (Western Washington University), respectively.  
 Historic occupation includes the homestead and farm of the Pratt family during the 
1920’s and 1930’s and the Alaska Packers plant who owned the land when site forms were 
initially filed (Gaston 1975).  Radiocarbon dates show prehistoric occupation beginning 4100 
+/- 500 years BP (Table 4.4).  Artifacts recovered from the site put the majority of 
occupation at 45WH17 during the Locarno Beach, Marpole and Strait of Georgia phases 
(Gaston 1975; Grabert et al. 1978; Rorabaugh 2009). 
 
 
 
 
 
 
 
 
 
45 
 
Table 4.4 45WH17 radiocarbon dates. 
Sample 
# 
Excavated 
Unit 
Material Depth 
(cmbs) 
Associated Features and 
Artifacts 
Measured 
Radiocarbon 
Age (BP) 
Reference 
- - Charcoal - From fire pit in beach 
gravel 
4100 +/- 500 Gaston 1975 
1215 S28E9 Charcoal 323 Scattered hearth feature 3015 +/- 65 Grabert et al. 1978 
332 S5E1 Charcoal 120 Scattered FBR and 
charcoal stained beach 
pebbles 
2875 +/- 65 Gaston 1975 
1076 S28E9 Charcoal 295-300 Hearth feature 
containing ground slate 
projectile points 
2830 +/- 65 Grabert et al. 1978 
1569 
and 
1577 
S18E7 Charcoal 198-210 Hearth feature  2746 - 2928 
and  
2938 - 2943* 
Grabert et al. 1978 
811 S19E12 Charcoal 157-170 Within large hearth atop 
finely crushed blue 
mussel, silt and sand 
matrix 
2370 +/- 70 Grabert et al. 1978 
- S28W10 Bone 100-170 Dog Burial No. 7 930 +/- 70** Kendall 2005*** 
840 S17W5 Charcoal 170 Non-diagnostic artifacts 
and animal bone 
830 +/- 60 Grabert et al. 1978 
1568 S6W4 Charcoal 104 Fire-broken cobbles, ash 
and charcoal 
580 +/- 60 Grabert et al. 1978 
1302 S40W17 Charcoal 100 Within hearth feature 
containing ash, charcoal 
and blue mussel shell 
350 +/- 50 Grabert et al. 1978 
*Cal. BP  
**Conventional radiocarbon age (BP) 
*** From WWU undergraduate research grant 
 
Eight artifacts were chosen from the Semiahmoo site (45WH17) for this analysis, 
based on their proximity to dated radiocarbon samples (Table 4.5).  Ten radiocarbon dates 
were obtained from eight excavation units and artifacts were chosen from the units or, in 
the case of S18E6 and S26W7, immediately adjacent excavation units.  Artifacts from  
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Table 4.5 45WH17 Artifact provenience in relation to radiocarbon date provenience. 
Excavation Unit Measured 
Radiocarbon Age 
(BP) 
Radiocarbon Date 
Provenience  
(cmbs) 
Associated Artifacts with 
Provenience (cmbs) 
 (Osiensky Catalog Number) 
S5E1 2875 +/- 65 120 144: Level Unknown 
S18E6* 2746 - 2928 
and 
2938 - 2943 
198-210 140: 70-80 
141: 70-80 
142: 148-150 
S26W7* 930 +/- 70** 100-170 145: 60-70 
S17W5 830 +/- 60 170 138: 180-190 
139: 180-190 
S40W17 350 +/- 50 104 143: +10-0 
*Adjacent to Dated Excavation Unit 
**Cal. BP 
 
five dated excavation units were used in this analysis; the other three dated units did not 
contain artifacts suitable for this analysis. Each artifact was chosen based on its macroscopic 
appearance, that is, its likelihood of being FGV.  Figure 4.6 shows which excavation units 
were used in this analysis. 
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45WH34-The Ferndale Site 
 The Ferndale site (45WH34) is located in Ferndale, Washington approximately 50 
meters from the Nooksack River on its active floodplain and approximately 10 meters above 
sea level (Grabert 1983) (Sec. 20, T49N, R2E) (Figure 4.2). The Ferndale site was first 
recorded in 1972 by Garland Grabert of Western Washington University and excavated that 
same year under his direction.  The site covers an area of approximately 200 x 150 meters 
with the majority of the site within a shell midden stretching only about 30 x 15 meters. 
The Ferndale site (45WH34) is the oldest site studied for this thesis research.  Radiocarbon 
dates show occupation began 5300-4820 cal. BP, during the St. Mungo culture phase on the 
Northwest Coast (Table 4.6).  Remains at the site represent hunting, fishing and foraging 
practices (Ellis 2007; Gillis 2007; Hutchings 2004; and Nokes 2004).  The shell midden shows 
that shellfish gathered in Bellingham Bay were transported upriver six miles to the site.  The 
pit house dwelling suggests long-term occupation of the site.  Radiocarbon dates from the 
site support this assumption. 
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Table 4.6 45WH34 radiocarbon dates. 
Excavated Unit Material Depth 
(cmbs) 
Conventional 
Radio Age (BP) 
2 ∑ Cal. BP Reference 
S1W6 Shell 100-120 4970 +/- 80 4970 - 4560 Hutchings 2004 
N1W4 Shell 20-40 4960 +/- 70 4920 - 4570 Hutchings 2004 
S1W3 Shell 40-60 4850 +/- 80 4830 - 4410 Hutchings 2004 
S1W7 Shell 20-40 4500 +/- 70* 4840 - 4500 - 
S1W2 Charcoal 117 4370 +/- 90 5300 - 4820 - 
S1W5 Bone 40-60 4230 +/- 70 4880 - 4560 - 
S1W2 Charcoal 130 4220 +/- 40 4850 - 4800 and 
4770 - 4630 
- 
S1W2 Wood 117 4180 +/- 120** 4900 - 4600*** Hutchings 2004 
S1W6 Bone 60-80 4150 +/- 60 4840 - 4520 and 
4470 - 4450 
- 
N2W4 Charcoal 41-44 4000 +/- 40 4540 - 4400 - 
S1W6 Wood - 1210 +/- 100** 1291 - 937*** Hutchings 2004 
S1W7 Charcoal 55-57 1110 +/- 50 1160 - 930 - 
S1W6 Wood - 1030 +/- 100** 1171 - 737*** - 
S1W7 Charcoal 92 890 +/- 60 930 - 680 - 
- Wood - 420 +/- 50 530 - 420 and 
390 - 320 
- 
S1W7 Charcoal 33 330 +/- 70 520 – 280 and 
170 - 150 
- 
- Wood - 240 +/- 50 430 - 360 and 
330 - 260 and 
220 - 140 and 
20 - 0  
- 
*Adjusted for Local Reservoir   
**Measured Radio Age (BP) 
***Based off Measured Radio Age 
 
 In the past decade graduate students from Western Washington University have 
examined multiple artifacts from 45WH34 including various faunal, lithic and clay artifacts, 
pit house deposits, along with geoarchaeology and environmental reconstruction of the site 
(Ellis 2007; Gillis 2007; Hutchings 2004; and Nokes 2004).  Gillis (2007) research on the lithic 
assemblage at the site concluded that FGV rock was the dominate material used at the site 
with flake tools and core tools being the most common tool types.   
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Table 4.7 45WH34 Artifact provenience in relation to radiocarbon date provenience. 
Excavation 
Unit 
Radiocarbon 
Date (2 Cal. BP) 
Radiocarbon Date 
Provenience (cmbs) 
Associated Artifacts 
(Osiensky Catalog 
Number) 
Artifact Provenience 
(cmbs) 
S1W5 4880-4560 40-60 24, 25, 26, 27, 28, 29 40-60 
S1W7 4840-4500 20-40 30, 31, 32, 33 20-40 
S1W3 4830-4410 40-60 34, 35, 36, 37 40-60 
S1W2 4900-4600* 117 38 100-120 
S1W6 1291-937*, 
1171-737* 
60-80 39, 40, 41, 42, 43, 44, 
45, 46, 47, 48 
60-80 
*Calibrated date based on Measured Radiocarbon Age 
 
Twenty-five artifacts were chosen from the Ferndale site (45WH34) for this 
investigation. Lithic artifacts had previously been separated by material type by Gillis 
(2007). All artifacts were taken from her “crystalline volcanic rock” grouping and then 
selected based on their association with a radiocarbon date (Table 4.7).  Every tool type that 
Gillis (2007) identified that was made from FGV was included in this investigation.  A total of 
17 radiocarbon dates are available for this site from six different excavation units.   Artifacts 
selected for this investigation came from five of the dated excavation units; the other four 
units didn’t provide artifacts suitable for this analysis. Within these units, artifacts were 
chosen based on their macroscopic resemblance to FGV rock.  All artifacts came from the 
same level as the radiocarbon date. Figure 4.7 shows the excavation units used in this 
analysis. 
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45WH55-Woodstock Farm 
 Woodstock Farm (45WH55) is located on the northwest region of Chuckanut Bay in 
Whatcom County, Washington (Sec. 13 T37N, R2E) (Figure 4.2).  The site was first recorded 
in 1974 by J. Gaston and C. Swanson and later excavated by students from Western 
Washington University for three field seasons (2005, 2007, and 2010) under the direction of 
Sarah K. Campbell and Todd A. Koetje. Historically, Woodstock Farm was the residence of 
Cyrus Gates who lived on the property from 1907-1944 (Campbell et al. 2010).  During his 
time there, Gates oversaw the construction of six buildings, a boathouse, an orchard and 
multiple land altering measures on the property. Currently, the site is owned and protected 
by the City of Bellingham due to its historic value in relation to the Gates Family.    
 Woodstock Farm is predominately a prehistoric shell midden site that includes 
distinct activity areas including a possible pit house structure as well as lithic and butchery 
locales (Pierce 2011).  Radiocarbon dates show cultural presence begins at 2750-2450 cal. 
B.P. (Table 4.8). These dates along with artifacts recovered from the site suggest occupation 
extends through the Locarno Beach, Marpole and Strait of Georgia phases on the Northwest 
Coast. 
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Table 4.8 45WH55 radiocarbon dates. 
Excavated Unit Material Depth 
(cmbd) 
Associated Feature/Activity 
Area* 
Conventional 
Radio Age (BP) 
2 ∑ Cal. BP 
E987N1008 Shell 40 - 60  Feature 8 2870 +/- 60** 2750 - 2450 
E977N972 Shell 32 - 61 Secondary Refuse Area 2870 +/- 60** 2750 - 2460 
E977N972 Bone 51 - 71 Secondary Refuse Area 2550 +/- 40 
 
2750 - 2680 and 
2640 - 2500 
E977N972 Shell 43 - 62 Secondary Refuse Area 2390 +/- 60** 2150 - 1870 
E983N977 Shell 24 - 41 Hearth Feature/Butcher 
Area 
850 +/- 60** 550 - 390 
*From Pierce 2011 
** Adjusted for Local Reservoir 
 
Twenty-five artifacts were selected from Woodstock Farm (45WH55) for analysis.  
All artifacts were chosen based on their proximity to a radiocarbon date (Table 4.9).  
Woodstock Farm has five radiocarbon dates from three different excavation units.  The 
majority of artifacts came from excavation units adjacent to dated ones. The dated units 
didn’t provide a large enough sample so adjacent units were chosen to provide a greater 
sample size for this analysis.  Units were excavated stratigraphically, therefore artifacts from 
adjacent units were chosen from the same stratigraphic level as a radiocarbon date in a 
dated unit.  Figure 4.8 shows which units were used in this analysis. 
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Table 4.9 45WH55 Artifact provenience in relation to radiocarbon date provenience. 
Excavation Unit Radiocarbon Date 
(2 ∑ Cal. BP) 
Radiocarbon Date 
Provenience (cmbs) 
Associated Artifacts with 
Provenience  
(Osiensky Catalog Number) 
E977N972 A) 2750 - 2460, 
B) 2750 - 2680 and 
2640 - 2500, 
C) 2150 - 1870 
A) Lev 3 Sub 1 
B) Lev 3 Sub 4 
C) Lev 2 Sub 3 
62: Lev 3 Sub 1 
E977N973* A) 2750 - 2460, 
B) 2750 - 2680 and 
2640 - 2500, 
C) 2150 - 1870 
A) Lev 3 Sub 1 
B) Lev 3 Sub 4 
C) Lev 2 Sub 3 
63: Lev 2 Sub 2 
64: Lev 2 Sub 1 
65: Lev 2 Sub 1 
E987N1008 2750 - 2450 40-60 67: Lev 3 sub 2 
68: Level 3 Sub 2 
69: Level 3 Sub 3 
70: Level 3 Sub 4 
71: Level 3 Sub 2 
72: Level 3 Sub 4 
73: Level 3 Sub 5 
74: Level 3 Sub 4 Feature 4 
E987N1007* 2750 - 2450 40-60 66: Lev 1 Sub 5 
E983N977 550 - 390 Lev 2 Sub 1 76: Lev 2 Sub 2 
77: Lev 2 Sub 2 
E984N976* 550 - 390 Lev 2 Sub 1 75: Lev 2 Sub 1 
E982N976* 550 - 390 Lev 2 Sub 1 78: Level 1 Sub 1** 
79: Level 1 Sub 3 
80: Level 2 Sub 1 
81: Level 2 Sub 1 
82: Level 2 Sub 1 
83: Level 2 Sub 1 
84: Level 2 Sub 1 
85: Level 2 Sub 1 
86: Level 2 Sub 3 
*Adjacent to Dated Excavation Unit 
** Projectile Point found in NE corner while profiling. Although catalog says Level 1 Sub 1, the field notes suggest it is 
actually from Level 2 Sub 1 
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Figure 4.8 Plan view of 45WH55 excavation units. Units in red are units used in this analysis 
(adapted from Lewis 2013:41). 
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45SK46 
Site 45SK46 is located at the southernmost point of Fidalgo Island within the 
boundaries of Deception Pass State Park (Sec. 26, T35N, R1E) (Figure 4.2).  Site 45SK46, 
likely associated with the Swinomish or Samish tribes, was first recorded in 1954 by A. Bryan 
of the University of Washington and later revisited by S. Solland and N. Stenholm in 1963.  
Excavation at 45SK46 began in 1968 under the direction of Gerald Hedlund of Green River 
Community College (Hedlund 1968) and was later continued by Western Washington 
University field school students in 2000 and 2001 under the direction of Sarah K. Campbell 
and Todd A. Koetje.   
Site 45SK46 is a shell midden site consisting of coarse shell materials.  Artifacts from 
the site comprise mostly of bone and lithic artifacts.  In her Master’s thesis, Mather (2009) 
separates site stratigraphy into four analytical units (AU) in order to demonstrate site-wide 
stratigraphic changes through time.  Cultural presence at the site begins in AU II and lasts 
through AU IV.  Artifacts from AU II and AU III are consistent with those from the Locarno 
Beach phase.   Radiocarbon dates support this timeframe (Table 4.10).  Artifacts from AU IV 
are also consistent with the Locarno Beach phase; however, radiocarbon dates show a 
much later occupation (820-630 cal B.P.). Mather (2009) attributes this to ash/heat 
contamination and foot traffic in the area.  Most likely AU IV was formed at the boundary of 
the Locarno Beach and Marpole phases during the Middle Pacific period.  
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 Table 4.10 45SK46 Analytical units and associated radiocarbon dates (Mather 2009). 
Analytical Unit Excavated Unit Material Level/Feature Conventional 
Radio Age (BP)* 
2 ∑ Cal. BP 
II N5W9 Shell Level 8 3260 +/- 70 3290 - 2890 
II N5W8 Shell Feature 8 2060 +/- 70 2990 - 2710 
III N5E0 Shell Level 2 2920 +/- 60 2790 - 2540 
IV N5W9 Shell Level 3 1160 +/- 60 820 - 630 
*Adjusted for Local Reservoir  
 
Table 4.11 45WH46 Artifact provenience in relation to radiocarbon date provenience. 
Excavation 
Unit 
Radiocarbon date 
(2 ∑ Cal. BP) 
Radio Carbon 
Date Provenience 
Analytical 
Unit 
Associated Artifacts with Provenience 
(Osiensky Catalog Number) 
N5W9 3290 - 2890 
820 - 630 
Level 8 
Level 3 
II 
IV 
53: Level 1- 40cm 
54: Level 2 Sub 1  
55: Level 3 or 4- 82cm 
N4W9* 3290 - 2890 
820 - 630 
Level 8 
Level 3 
II 
IV 
56: Level 4 Sub 6 
N4W8* 2990 - 2710 Feature 8 II 58: Level 7 Sub 4- 92.3cm  
59: Level 5-57cm  
60: Level 5 Sub 3- 63cm  
61: Level 7 Sub 1 
N5E0 2790 - 2540 Level 2 III 49: Level 3 Sub 4- 28cm   
50: Level 5 Sub 1- 50cm  
51: Level 6 Sub 2- 65cm  
52: Level 7 Sub 3 
N4E0* 2790 - 2540 Level 2 III 57: Feature 29- 74cm 
*Adjacent to Dated Excavation Unit 
 
 
Site 45SK46 has four dates from three different excavation units (N5E0, N5W9, 
N5W8), encompassing three of the analytical units discussed earlier.  Each of the 13 
artifacts chosen comes from a dated analytical unit (Table 4.11).  Figure 4.9 shows which 
excavation units were used in this analysis; Figures 4.10, 4.11 and 4.12 show the profile 
views of dated units and locations of radiocarbon dates and analytical units. 
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Figure 4.9 Plan view of 45SK46 excavation units. Units in red are used in this analysis 
(adapted from Mather 2009: 34). 
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Figure 4.10 Profile of N5E0 showing location of radio carbon date and 
Analytical Units (from Mather 2009: 39). 
 
Figure 4.11 Profile of N5W8 showing location of radio carbon date and 
Analytical Units (from Mather 2009: 43).  
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Figure 4.12 Profile of N5E0 showing location of radio carbon date and 
Analytical Units (from Mather 2009: 45). 
 
North Cascades National Park 
Four artifacts on loan from North Cascades National Park were also analyzed as part 
of this investigation (Osiensky Catalog #’s 162, 163, 164 & 165).  Two artifacts come from 
site 45WH300, one from NOCA site FS295 and one was found on a talus slope above 
McAllister Horse Camp. The location of these artifacts within the North Cascades National 
Park makes it likely that the material for these artifacts came from the North Cascades 
rather than Watts Point.   
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Geologic Sample Selection 
Comparative geologic samples were collected from nine locations surrounding the 
archaeological sites chosen for this analysis. Each location was picked based on the 
presence of FGV materials and its likelihood of being used by native population to obtain 
lithic materials.  
Watts Point 
 In the summer of 2011, geologic samples were collected from their bedrock source 
at Watts Point, B.C (Figure 4.13).  A total of 15 samples were collected at two locations, and 
GPS locational data were recorded at each locale (Figure 4.14).  Of these, at least one 
sample from each location was analyzed for this project (Osiensky Catalog #’s 136, 150, 153, 
154 & 159) (Table 4.12).   
 
     Figure 4.13 Photo of FGV bedrock source at Watts Point, B.C. 
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    Figure 4.14 Location of geologic sample collection sites. 
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Table 4.12 Geologic sample locations. 
Catalog 
Number 
Location Material Type Comments 
136 Watts Point Dacite Collected by Whitney Osiensky on Sept 3, 2011 
137 Suiattle River Rhyolite Collected by Whitney Osiensky on Nov 12, 2011 
146 Mt. Baker H.C. 57 Rhyolite Collected by Dave Tucker and given to Whitney 
Osiensky in Fall 2011 
147 Mt. Baker H.C. 4 Rhyolite Collected by Dave Tucker and given to Whitney 
Osiensky in Fall 2011 
148 Suiattle River  Basaltic Andesite/ 
Andesite 
Collected by Whitney Osiensky on Nov 12, 2011 
149 Nooksack Falls Dacite Collected by Julie Gross in Summer 2011 
150 Watts Point  Dacite Collected by Whitney Osiensky on Sept 3, 2011 
151 Salt Creek Park Rhyolite Collected by Sarah Campbell in Fall 2011 
152 Salt Creek Park Dacite Collected by Sarah Campbell in Fall 2011 
153 Watts Point Dacite Collected by Whitney Osiensky on Sept 3, 2011 
154 Watts Point Dacite Collected by Whitney Osiensky on Sept 3, 2011 
155 Skagit River  Andesite collected by Whitney Osiensky on Nov 12, 2011 
156 Suiattle River  Basaltic Andesite Collected by Whitney Osiensky on Nov 12, 2011 
157 Suiattle River Rhyolite Collected by Whitney Osiensky on Nov 12, 2011 
158 Skagit River Dacite Collected by Whitney Osiensky on Nov 12, 2011 
159 Watts Point Dacite Collected by Whitney Osiensky on Sept 3, 2011 
160 Keystone Beach Trachydacite/ 
dacite/andesite 
Collected by Kim Kwarsick and given to Whitney 
Osiensky in Winter 2012  
Already tested: Not Watts Point 
161 Keystone Beach Dacite Collected by Kim Kwarsick and given to Whitney 
Osiensky in Winter 2012  
Already tested: Not Watts Point 
 
Mount Baker 
 I conducted several outings in the vicinity of Mount Baker (Figure 4.14) to collect 
samples for this thesis research.  Initial collection of samples began in the summer of 2011 
with two geologists from Western Washington University’s Geology Department (Susan 
DeBari and Dave Tucker).  The goal was to collect samples from a dacite flow near Nooksack 
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Falls.  None of the samples collected proved to be of tool stone quality.  The samples 
collected were very coarse grained and weathered, leaving it highly unlikely that it would 
have been used prehistorically.  One sample, collected by Western Washington University 
geology graduate student Julie Gross, was used in this analysis (Osiensky Catalog # 149).  
This sample is somewhat more glassy than other samples from Nooksack Falls, but is still 
not tool stone quality.  After it was determined that Nooksack Falls dacite was not suitable 
for tool manufacture, Dave Tucker provided two samples of a very glassy volcanic rock from 
a bedrock source on Hannegan Caldera.  These samples were analyzed for this investigation 
(Osiensky Catalog #’s 146 & 147) (Table 4.12).   
 Also in the summer of 2011, rock samples were collected from numerous beach 
cobble locations along the Nooksack River.  A majority of the samples collected were of tool 
stone quality, but were later determined to not be FGV (no further analysis was done on 
these samples).  Additional samples were collected in the Fall of 2011 along the Skagit River; 
these samples are in a location where the bedrock source could either be Mount Baker or 
Glacier Peak (Osiensky Catalog #’s 155 & 158) (Figure 4.15). 
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       Figure 4.15 Geologic sample collected on the  
Skagit River. Sample from road cut bank  
(N 48.53157 W 121.72154). 
Glacier Peak 
 In the Fall of 2011, samples were taken from several locations associated with 
Glacier Peak.  All locations were chosen based on known lahar deposits and drainages from 
Glacier Peak.  Samples were taken from lahar deposits and cobble beaches along the Skagit, 
Sauk, Suiattle, and White Chuck rivers.  The only samples identified as FGV material and 
used in this analysis were from the Skagit (Osiensky Catalog # 155 & 158 and Suiattle Rivers 
(Osiensky Catalog # 137, 148, 156 & 157) (Figure 4.16) (Table 4.12).   
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  Figure 4.16   Location of Suiattle River samples. 
Beach Locations 
 In the spring of 2011, several ocean beaches near sites discussed in this thesis were 
visited and cobble samples were collected for this investigation.  After initially breaking 
open cobbles on the beach, the ones that appeared to have a glassy matrix, contain 
microphenocrysts and were flakable were collected.  Unfortunately, all these samples were 
later determined to not be FGV and no other analysis was performed.  Similar materials 
were also found along river beaches.  This shows that materials similar to FGV rocks are 
available in cobble form at beaches near these sites and may be identified in assemblages at 
a later date. 
 Additional FGV cobbles were collected by Sarah Campbell in the Fall of 2011 at Salt 
Creek Park on the Olympic Peninsula (Figure 4.14).  These samples were included in this 
investigation as catalog numbers 151 and 152 (Table 4.12).  
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Kwarsick’s Samples 
 In the winter of 2011, Kimberly Kwarsick provided me with geologic samples that 
she had collected for her thesis (Kwarsick 2010) and that had already been analyzed by 
Craig Skinner of the Northwest Research Obsidian Studies Lab using trace element 
composition analysis.  I excluded those that had been identified as coming from Watts 
Point, and included two samples from Keystone Beach on Whidbey Island that did not 
match any known sources (Osiensky Catalog #s 160 & 161) (Figure 4.14) (Table 4.12). 
 
Analytical Methods for Sourcing FGV Rocks 
Multiple methods have been used in the past to source FGV artifacts (Bakewell 
2005; Greenough et al. 2004; Kwarsick 2010; Mallory-Greenough et al. 2002; Mallory-
Greenough et al. 2000; Page 2008).  The method most commonly used by archaeologists on 
stone artifacts to determine element composition is X-ray Fluorescence Spectrometry (XRF) 
(Baedecker 1987).  This method is preferred by archaeologists because it can be non-
destructive.  Lithic artifact sourcing typically follows two methods for characterizing the 
chemical composition of artifacts: 1) whole-rock major element analysis or 2) trace element 
analysis (Dello-Russo 2004; Hermes and Ritchie 1997; Lundblad et al. 2007; Greenough 2004 
and Mallory-Greenough et al. 2002).  
Two types of XRF exist: Wavelength-Dispersive and Energy-Dispersive.  In both types 
of XRF, x-rays are produced when atoms become unstable (Baedecker 1987). When an atom 
is irradiated (exposed to radiation) by a high energy source, the inner-shell electron (K or L) 
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will be cast out leaving that atom in an excited (unstable) energy state.  In order to stabilize 
the atom, the vacancy in the shell of the atom will then be replaced by an electron from a 
higher energy level.   This results in the release of electromagnetic radiation called an x-ray 
proton.  X-ray protons are specific in their electron transitions that take place and are 
characteristic of the element from which they were emitted; this allows for element 
identification.  In order to determine each element present in the sample the x-rays must be 
separated.  Wavelength-Dispersive XRF uses a crystal to disperse the x-ray over a wide 
angular range and allows the detector to receive only the portion of the x-rays from the 
element being analyzed.  Energy-Dispersive XRF uses Lithium Drifted Silicon Detectors 
(Si(Li)) to absorb x-rays into the detector that then converts them to energy pulses that 
reflect the elements that make up the sample (Baedecker 1987; Severin 2004).  
Mineralogical Method for Sourcing FGV Rocks as Proposed by Greenough et al. (2004) 
Greenough et al. (2004) argues that the use of a mineralogical method for sourcing 
FGV artifacts is just as advantageous as compositional analysis and may require smaller 
amounts of material.  Their research determined that relative abundance of the most 
common minerals (orthopyroxene, augite, olivine and plagioclase) varied among the five 
distinct sources they identified. I will apply Greenough et al.’s (2004) method to artifacts 
from the Salish Sea. I chose this method because their research shows it can be equally as 
effective as trace element analysis.  Since additional sources so far have not been identified 
and the leading sourcing laboratory in the region has suspended source provenance studies 
for the time being I propose applying this alternative method. 
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Mineralogical Method to Sourcing FGV Artifacts in the Salish Sea  
For this thesis I applied the Greenough et al. (2004) strategy of using mineral 
analysis to identify sources but also made some adaptations, particularly in how I sampled 
the minerals (phenocrysts) and in the equipment used.  Greenough et al. (2004) focused on 
phenocrysts of varying sizes using an electron microprobe equipped with both a 
wavelength-dispersive and energy-dispersive x-ray detector.  Phenocryst size ranged from 3 
mm to 50 µm. The majority of elements were detected using the energy-dispersive detector 
but elements with lower concentrations (TiO2, MnO, and Na2O) were identified with the 
wavelength detector.  The JEOL 733 electron microprobe was used for detection with an 
accelerating voltage of 15keV for 40 seconds.  Whole rock data was also collected to 
determine rock type. 
For my research I chose to analyze minerals much smaller than those analyzed by 
Greenough et al. (2004).  I did this because I felt microphenocrysts would be much more 
indicative of the chemistry of the magma the rock formed from.  All minerals were ≤25µm 
and are identified as microphenocrysts.  Greenough et al. (2004) utilized both a wave-length 
x-ray detector and an energy dispersive x-ray detector; however, for this research an 
Energy-Dispersive X-ray Detector and Back Scatter Detector in a Scanning Electron 
Microscope (SEM) were used.  The VegaTS 5136MM x-ray detector available at Western 
Washington University was used for the geochemical analyses; data was collected with an 
accelerating voltage of 15keV that typically lasted 20 seconds; however some samples 
needed longer voltage times.   
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Overall my method follows three levels of analysis: whole rock, trace element and 
mineralogical (Figure 4.17). Whole-rock major element analysis was conducted to identify 
rock types and to see any preliminary groupings among artifacts and geologic samples.  In 
addition, the trace element method is applied for data comparison and result confirmation.  
Dr. Craig Skinner at Northwest Research Obsidian Studies Laboratory in Corvallis, OR, who 
has been sourcing obsidian and FGV artifacts for several years, was contracted to analyze 
approximately 44% of the samples collected for this investigation.  The data provided by 
Northwest Research Obsidian Studies Laboratory also allows for the comparison between 
data collected during this investigation and other published data.  Lastly, the mineralogical 
method discussed above is applied to both artifacts and geologic samples in order to 
identify potential source relationships. 
Geochemical Analysis via SEM and EDAX 
 For this thesis, all geochemical data was obtained using a Scanning Electron 
Microscope and an Energy-Dispersive X-ray Detector. Scanning Electron Microscopes (SEM) 
are an important tool in the analysis of artifacts.  The main component of a SEM is the 
electron column which consists of an electron gun and multiple electron lenses (Figure 4.18) 
(Goldstein et al. 2003).  The electron gun generates and accelerates electrons within the 
column. Inside the column the electrons interact with the electron lenses where they 
decelerate and guide the electrons to the specimen where signals are generated to make an 
image.   Two types of signals are used to produce an image: secondary electrons (SE) and 
backscattered electrons (BSE).  SE imaging is the result of electrons interacting with atoms 
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Geologic Samples 
N=18 
X-Ray Fluorescence via SEM 
Geologic Samples =18 
Artifacts =119 
Trace Element Analysis  
Geologic Samples =12 
Artifacts =41 
Artifact Samples 
N=124 
Artifacts too 
large for SEM 
N=5 
Not FGV 
N=32 
Whole Rock 
Chemistry 
Mineral 
Chemistry 
Sources Identified 
Watts Point = 14 
Unknown FGV 1 = 4 
Unknown FGV 2 = 5 
Unknown FGV 3 = 2 
Unknown FGV 4 = 2 
Unknown FGV 5 = 3 
Unknown FGV 6 = 4 
Unknown FGV 7 = 2 
Rock Type 
Identified 
816 Minerals 
Identified 
Artifacts 
Andesite=4 
Dacite=63 
Rhyolite=15 
Trachydacite=4 
Too close to call =1 
Geologic Samples 
Andesite=1 
Dacite=9 
Rhyolite=5 
Basaltic Andesite=2 
Too close to call =1 
Archaeological Sites 
45WH1=25 
45WH4=24 
45WH17=8 
45WH34=25 
45WH55=25 
45SK46=13 
NOCA=4 
Geologic Sample 
Locations 
Watts Point=5 
Mt. Baker=3 
Skagit River=2 
Suiattle River=4 
Keystone Beach=2 
Salt Creek=2 
Figure 4.17 Analytical methods flowchart. 
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at the surface of the sample, BSE imaging (used in this analysis) is the result of electrons 
reflecting (or backscattering) to escape the specimen.  This causes a decrease in total 
energy of the primary electron beam which results in images that portray heavy elements 
as light shades and light elements as dark shades (Figure 4.19).  
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    Figure 4.18 Western Washington University’s Scanning Electron Microscope equipped  
     with Energy Dispersive X-Ray Detector (EDAX) and Back Scatter Detector (BSE). 
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        Figure 4.19 Photo showing light and heavy elements under BSE detection. 
 
Energy-Dispersive X-ray Spectrometers are utilized within a SEM to determine the 
chemical composition of a specimen.  In rock samples, the chemical composition reflects 
the rock forming minerals that produce the specimen.  Within a SEM, the x-rays that are 
produced have energy strengths that range from just above 0 keV up to the amount of 
energy the beam can produce.  The lithium silicon crystal within the EDAX absorbs this 
energy as electronic pulses and then sorts them based on amplitude.  The resulting 
spectrum identifies the chemical composition of the sample (Figure 4.20) (Baedecker 1987; 
Goldstein 2003; Severin 2004).  
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   Figure 4.20 Spectrum produced from EDAX analysis (Sample #27 whole rock composition). 
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Laboratory Methods and Protocols 
The methodology presented herein is intended to provide a mineralogical analysis of 
microphenocrysts in FGV specimens using Energy-Dispersive X-ray analyses, and Back 
Scatter Detection (BSE) in a Scanning Electron Microscope.   Samples were prepared 
through two different processes in order to produce a clear visual image of the specimen 
under the SEM.  Consistency tests were performed in order to determine the best way to 
prepare artifacts.  
First, I determined that a smooth sample was ideal for microphenocryst 
identification. Under the SEM, both a smooth section of a sample and an unaltered section 
of a sample were analyzed.  Figures 4.21 and 4.22 show the results of this experiment.  As 
can be seen, microphenocrysts in sample #27 are much more identifiable when smoothed.   
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Figure 4.21 Unaltered sample: As shown, the microphenocrysts are 
difficult to identify (Osiensky Catalog #27). 
 
Figure 4.22 Smoothed sample: microphenocrysts (small grey areas) are 
easier to identify (Osiensky Catalog #27). Smoothed via sanding wheel. 
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   Figure 4.23 Geologic sample being smoothed via sanding wheel. 
 
Artifacts were smoothed through two different methods, depending on shape, size 
and whether or not there were important features on the artifact that should stay intact.  In 
general, the majority of artifacts were smoothed using one method.  This method entailed 
smoothing a small section on the edge of samples with sanding wheels (varying in grit size 
from 220 up to 400) provided by the Geology Department at Western Washington 
University (Figure 4.23).   Figure 4.22 illustrates an artifact smoothed via the sanding wheel.  
Artifacts with important features or ones that did not provide an ideal platform for the 
sanding wheel were smoothed using a Dremel® tool (Figure 4.24). Two attachments were 
used: an aluminum oxide wheel (220 grit) followed by an emery impregnated rubber disc.  
These provided an area on each artifact ideal for visual images in the SEM.  It is important to 
note that not all artifacts were smoothed.  The four artifacts from the North Cascades were 
not smoothed, nor were extremely small artifacts from other sites. 
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           Figure 4.24 Smoothed sample: smoothed via Dremel® tool. 
The second consistency test performed was to determine if coating the artifacts with 
a light metal coating would aid in visual imaging of the samples.  Geologist Dr. George 
Mustoe at Western Washington University suggested coating samples in a palladium 
mixture in order to avoid a buildup of electrons on the sample where the beam was 
pointed.  The static buildup of these electrons on uncoated samples resulted in bright white 
areas in the SEM imaging (Figure 4.25).  Coated samples provide a much better SEM image. 
After creating a small smoothed area on each sample, the samples were washed and 
prepared for palladium coating.  Each sample was wrapped in aluminum foil leaving only 
the smooth area of the artifact exposed.  Wrapping the sample in aluminum foil took care 
of two important problems: 1) it left the remaining part of the artifact completely 
unreachable by the palladium coating, keeping the majority of the artifact unaltered, and 2)  
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           Figure 4.25 Sample #164; note the static buildup in the bottom  
           left corner (white area). 
aluminum foil also aided in the dispersal of electrons from the sample in order to avoid any 
further static buildup.  After preparing the samples, each artifact was returned to its own 
artifact bag and stored until they were analyzed in the SEM and EDAX.  
SEM-EDAX Analysis  
The method utilized in this study follows a mineralogical approach to FGV artifact 
sourcing. Mineralogical composition of microphenocrysts was identified through the use of 
Western Washington University’s Scanning Electron Microscope (Vega TS 5136MM) 
equipped with an Energy-Dispersive X-ray Spectrometer (EDAX). The EDAX produces both 
quantitative and qualitative data.  Quantitative data are obtained in the oxide count of each 
element; qualitative data are obtained in the form of the spectra produced (Figure 4.20).  A 
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bulk spectrum of each sample was taken to identify igneous rock type, and then the 
mineralogical composition of microphenocrysts was identified. 
 Artifacts and geologic samples were analyzed following the same measures.  The 
working distance between the beam and the sample that produced the best results for 
EDAX analysis was between 22 mm and 24 mm; however, the exact working distance varied 
between samples.  A lower working distance was necessary for larger, thicker samples.  Live 
time (the time in which the EDAX is collecting data from the SEM) was 20 seconds.  The 
Amp time for samples was either 51.2 or 102.4, and Kv was at 15 for all samples.  Keeping 
these measures the same throughout the analysis provided for a more accurate 
representation of the chemistry between samples. 
Analysis began when each sample was placed in the SEM and the smoothed area 
was located on the screen.  Whole-rock chemistry was then analyzed.  Each sample was 
magnified so that whole-rock chemical data would come from an area of 2.5mm x 2.5mm 
for each sample (I call this the “bulk sample”).  Some very small samples were analyzed over 
an area of 2.0mm x 2.0 mm.  After the whole-rock chemistry was taken the magnification 
was increased to approximately 250.00 µm and a viewing box of 25 µm +/- .1 µm was 
created; an image was taken at this point. This viewing box was placed around a grouping of 
microphenocrysts; each mineral within this box was then analyzed by the EDAX to obtain 
chemical data for mineralogical identification (Appendix B).   
Mineralogical identification was not applied to all samples.  Samples identified as 
non-igneous during bulk identification were excluded from mineralogical analysis because 
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this thesis focuses only on igneous rocks.  Figures 4.26 and 4.27 show clear examples of an 
igneous and a non-igneous rock under the SEM.  Resulting mineral identification is based on 
the quantitative data provided by the EDAX.  For this analysis, mineralogical formulas and 
chemical data presented in multiple volumes of Deer, Howie and Zussmans’ Rock Forming 
Minerals (1997 and 1962) were used.  George Mustoe at Western Washington University 
Geology Department was also extremely helpful with interpreting the results.  These data 
are presented in depth in Chapter 5. 
Trace-Element XRF Analysis 
 In the spring of 2012, 53 samples were sent to Northwest Research Obsidian Studies 
Laboratory (NWROSL) in Corvallis, Oregon to be analyzed in the trace-element method.  
Other archaeologists who have analyzed FGV artifacts from the Salish Sea used the services 
available at NWROSL (Kwarsick 2010; Taylor 2012).  Because of this, it was advantageous to 
analyze the artifacts for this investigation the same way in order to make comparisons 
between the sites evaluated in this thesis and sites outside my research area.  It is also 
important to note that NWROSL is no longer expanding its FGV source coverage map and is 
no longer looking to find other primary geologic sources of FGV materials.  This is one 
reason it is so important to find other methods to sourcing this material, which was so 
prevalent in use throughout the Salish Sea. 
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   Figure 4.26 Igneous rock under SEM.  Sample is Watts Point dacite. 
 
   Figure 4.27 Non-igneous rock under SEM. Sample from 45WH1. 
   Sample lacks a fine-grained crystalline structure. 
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 Artifacts were selected based on the results obtained from the SEM and EDAX data; 
of the 53 samples sent to NWROSL 41 (77.4%) were artifacts and 12 (22.6%) were geologic 
samples.  Samples of varying rock type were selected for the purpose of identifying non-
Watts Point artifacts.  Other artifacts showing a compositional makeup similar to Watts 
Point were also selected to confirm that suspicion.  These results are presented in detail in 
Chapter 5.   
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Chapter V: Results and Discussion 
 
 The purpose of this thesis is to test the idea that prehistoric inhabitants of the Salish 
Sea would have made use of FGV sources in the North Cascades in addition to Watts Point 
dacite for their tool stone.  A related goal is to test whether using a comparative 
mineralogical analysis of artifacts and geologic samples in western Washington will assist in 
identifying that artifact’s possible source (i.e., Can a mineralogical analysis of artifacts and 
geologic samples lead to the identification of new sources?).  If this hypothesis were true 
the following outcomes would be expected: 1) geologic samples that come from the same 
geologic source should have a similar chemical and mineralogical composition, and 2) 
artifacts should have a similar chemical and mineralogical composition to their geologic 
source.  
The following chapter reviews the results of my analysis and will follow three levels 
of analysis: whole rock major element analysis, trace element analysis, and mineralogical 
analysis. 
 
Results of Whole Rock Major Element Analysis 
 For each artifact and geologic sample used in this analysis geochemical data were 
taken via energy-dispersive X-ray fluorsence in a scanning electron microscope (called the 
“bulk sample”) for the purpose of rock type identification. Rock type identification was 
made using a Harker diagram that plots total alkalines, Na2O+K2O and SiO2, by weight 
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percent (Le Bas and Streckeisen 1991). This geochemical data was also later used in 
identifying which samples would be sent to Northwest Research Obsidians Studies 
Laboratory (NWROSL) for further analysis.   
Overall, 119 artifacts and 18 geologic samples were tested for a total of 137 
samples.  Of the artifacts, four were andesite, 63 were dacite, four were trachydacite, and 
15 were rhyolite.  Sample 69 plotted at the confluence of andesite, dacite and trachydacite 
in the Harker diagram and was too close to call; the remaining 32 artifacts were determined 
to be composed of rocks other than FGV.  Of the geologic samples, one was andesite, one 
was basaltic andesite, nine were dacite, and five were rhyolite. In addition to these, two 
geologic samples were too close to call; sample 148 is either andesite or basaltic andesite 
and sample 160 is either andesite, dacite or trachydacite.   
Below are a series of Harker diagrams (Figures 5.1-5.7), indicating the rock types of 
the artifact samples from each site; Table 5.1 summarizes these results.  All of the same 
potential geologic sources are shown in each diagram for comparison purposes. Table 5.2 
summarizes the geochemical similarity between artifacts and geologic samples. 
 
 
 
 
 
87 
 
        Table 5.1 Rock type of artifacts sampled. 
Archaeological Site Andesite Dacite Rhyolite Trachydacite 
45WH1 - 9 1 - 
45WH4 1 8 7 - 
45WH17 1 1 2 - 
45WH34 - 19 - 1 
45WH55* 1 16 3 2 
45SK46 1 8 - 1 
NOCA - 2 2 - 
*One artifact is undeterminable  
 
Table 5.2 Geochemical similarity between geologic sources and artifacts. 
Geologic Source 45WH1 45WH4 45WH17 45WH34 45WH55 45SK46 NOCA 
Watts Point 4 - - 13 4 7 1 
Mt. Baker 1 1 - 2 - - - 
Skagit River 3 - 1 1 2 - - 
Suiattle River - - - - - - - 
Keystone Beach - 1 - 2 4 - - 
Salt Creek - 2 - - 2 - - 
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Nine artifacts from 45WH1 are dacite (Figure 5.1); four of these are geochemically 
similar to Watts Point samples and suggest they will be sourced to Watts Point, BC.  One 
dacite sample is geochemically similar to Mt. Baker; three samples are similar to a sample 
from the Skagit River, and could suggest the geologic source is either on Mt. Baker or 
Glacier Peak.  One sample is rhyolite, but is not close geochemically to any tested sources in 
this diagram, indicating that the source for that artifact is still unknown. 
Figure 5.2 (next page) shows that of the eight artifacts identified as dacite from 
45WH4, their major element composition is dissimilar to that of Watts Point.  One dacite 
sample is geochemically similar to a geologic sample collected by Kwarsick from Keystone 
Beach (sample 160); another is similar to Mt. Baker (sample 149).   Further analysis on these 
two samples may determine if they come from the same geologic source.  Seven artifacts in 
the diagram are identified as rhyolite; two of the samples are geochemically close to Salt 
Creek sample 151.  The remaining artifacts are dissimilar to the geologic samples in the 
diagram suggesting the geologic source is not related to any of my possible source samples.   
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Only one sample from 45WH17 is identified as dacite by its major element 
composition (Figure 5.3).  This sample is not similar to those from Watts Point, but does 
seem to be similar to one Skagit River sample; suggesting the geologic source for this 
artifact is somewhere within the Skagit River’s drainage system. The rest of the artifacts 
from 45WH17 are rhyolite (n=2) and andesite (n=1). None of these are geochemically 
similar to any tested source samples. 
All but one artifact sample from 45WH34 are dacite (Figure 5.4).  The majority of 
these show geochemical similarities to samples from Watts Point; however, others show 
geochemical similarities to Mt. Baker (n=2), Skagit River (n=1), and Keystone Beach (n=2) 
samples.  The remaining sample is trachydacite and is not similar in major element 
composition to any collected geologic samples.  
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 In terms of major element composition, four samples from 45WH55 are 
geochemically similar to Watts Point, BC (Figure 5.5).  Five other geochemical similarities 
between artifacts and geologic samples are apparent: Skagit River sample 155 (n=1); Skagit 
River sample 158 (n=1); Keystone Beach sample 160 (n=1); Keystone Beach sample 161 
(n=2); and Salt Creek sample 151 (n=2). 
 Of the dacite artifacts from 45SK46 all but one are geochemically similar to geologic 
samples from Watts Point (Figure 5.6).  The remaining non-dacite artifacts do not seem to 
be geochemically similar to any tested source samples. 
 Figure 5.7 shows the results of the Harker diagram from the artifact samples from 
the North Cascades National Park. Two artifacts are dacite and one is geochemically similar 
to Watts Point; two other artifact samples are rhyolite but show no geochemical similarities 
to the geologic samples tested.  
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Similarity in whole rock element composition as shown on these Harker diagrams 
suggests that dacite from Watts Point is likely present in most of the assemblages: 45WH34 
(n=13), 45WH46 (n=7), 45WH1 (n=4), 45WH55 (n=4), NOCA (n=1).  The remaining two sites 
(45WH4 and 45WH17), are the only sites were no artifacts show a whole rock geochemical 
similarity to Watts Point dacite.   Eight of the artifacts suspected to be Watts Point dacite 
were sent for trace element sourcing and were confirmed to be from that location.  Since 
Watts Point dacite seems to have a unique major element composition, the data presented 
here can be used to look at the distribution of Watts Point dacite.  
 
Results of Trace Element Analysis 
Fifty-three samples, both artifact (n=41) and geologic (n=12), were sent to 
Northwest Research Obsidian Studies Laboratory (NWROSL) to be geochemically sourced 
through trace element analysis.  These included eight artifacts believed to be Watts Point 
dacite based on whole rock compositional similarities.  The remaining artifacts included 
ones that stood out in the Harker diagrams either as non-dacite or dacite that was 
geochemically different from Watts Point.  All artifacts and geologic samples were 
compared to known FGV sources Dr. Skinner at NWROSL already had analyzed: Watts Point, 
Arrowstone, Hat Creek and Maiden Creek all in southern British Columbia.  A detailed 
review of the analyses performed by Northwest Research Obsidian Studies Laboratory is 
presented in Appendix C. Table 5.3 shows a summary of these results.  Nine artifacts and 
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five geologic samples were sourced to Watts Point, BC.  Eight of the nine artifacts were 
originally expected to be sourced to Watts Point based on their plot position in the Harker 
diagram; however, sample 119 is quite different from other Watts Point samples and may 
be an example of another source having a similar trace element signature (Dr. Craig Skinner, 
personal communication, August 19, 2013). Twenty-two artifacts fall into what appear to be 
seven unknown FGV sources.  Artifacts within these groups are geochemically similar to 
other artifacts within the group.  Two of these source groups, unknown FGV 4 and 6, may 
represent the variability of one source but it is too early to place them into one group.  
These two sources also show a resemblance to the Arrowstone FGV source in southwest 
British Columbia but more data on other regional sources needs to be compiled before this 
is clear (Dr. Craig Skinner, personal communication, July 2, 2012).   
Artifacts from the seven unknown FGV sources also show distinct groupings when 
graphed on the Harker diagram (Figure 5.8).  This suggests that a whole rock major element 
analysis could potentially be used to source artifacts once a greater database is available. 
Skinner grouped the remaining ten artifacts and seven geologic samples into one 
group called “Unknown FGV”.  This means the ten artifacts in this group do not match the 
Watts Point source, Skinner’s other known sources, or the geologic samples collected for 
this thesis research.  This means that in addition to the seven “Unknown FGV” groups 
identified by Skinner, at least ten additional, new unknown sources for FGV tool stone must 
exist in the Salish Sea region; a total of at least 17 unknown sources.  
100 
 
Table 5.3 Summary of results of trace element analysis of FGV artifacts and geologic specimens. 
FGV Source 45SK46 45WH1 45WH4 45WH17 45WH34 45WH55 Geologic 
Specimens 
Total 
Unknown FGV 1 - - - 1 1 2 - 4 
Unknown FGV 2 - - - - 2 3 - 5 
Unknown FGV 3 1 - - - - 1 - 2 
Unknown FGV 4 - - - - - 2 - 2 
Unknown FGV 5 - - - 1 - 2 - 3 
Unknown FGV 6 - 1 2 1 - - - 4 
Unknown FGV 7 - - 2 - - - - 2 
Unknown FGV * 1 2 5 1 - 1 7 17 
Watts Point 3 1 1 - 3 1 5 14 
Total 5 4 10 4 6 12 12 53 
*Undifferentiated unknown FGV artifacts and geologic specimens. 
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Results of Mineralogical Analysis 
The mineralogical analysis for this thesis involved two phases.  First, I sampled 
microphenocrysts to identify each specific mineral, and examined the frequency and 
occurrence of each mineral identified.  Then, I focused on the three most abundant 
minerals, analyzing their element composition to determine whether any relationship exists 
between samples. 
Identification of Microphenocryst Minerals 
Mineralogical analyses were completed for all FGV artifacts and geologic samples.  A 
total of 816 minerals were identified in 105 samples of artifacts and geologic samples 
(Appendix D).  Minerals were identified with assistance from George Mustoe of Western 
Washington University’s Geology Department, and were based on the chemical 
composition of each microphenocryst using energy-dispersive x-ray fluorescence in a 
scanning electronic microscope.  The most common minerals found in the samples were 
orthopyroxene, magnetite (Fe3O4) and clinopryoxene (Table 5.4).  Of the orthopyroxene 
minerals the majority were further identified as hypersthene, (MgFe)SiO2; of the 
clinopyroxene minerals  the majority were further identified as augite, 
(Ca,Na)(Mg,Fe,Al,Ti)(Si,Al)2O6.  
Among the other minerals identified in this research, ilmenite is a metal oxide 
similar in composition to magnetite except that ilmenite minerals include much greater 
amounts of titanium suggesting they form from magma high in titanium.  Ilmenite is found  
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Table 5.4 Number of occurrences of each identified mineral. 
 
in eight samples and doesn’t show any evidence of being related by mineralogy or bulk 
composition.  As of yet, the presence of ilmenite is not distinctive enough for sourcing.  Only 
two objects had minerals that fell under the “other oxide” category.  These minerals are 
unique to these samples but show no likelihood for determining source.  The presence of 
apatite is seen as a secondary mineral in 21 of 23 samples.  Five different sources were 
identified among the 12 samples containing apatite that were sent to NWROSL. Because of 
this, apatite is not a reliable mineral for sourcing. Two samples (137 and 157) contained 
only the mineral mica.  Both these are rhyolite and are geologic samples collected along the 
Suiattle River.  Mica is present in one artifact (76) but appears with other minerals as well.  
If in the future mica is identified as the primary mineral in artifacts from the region, these 
artifacts should be compared geochemically to the Suiattle River samples.  Leucite is only 
present in one sample.  The presence of leucite is likely a misidentification and reflects 
Mineral Name 
# of Occurrences 
Abbreviation Comments by 
object 
by  
mineral 
Orthopyroxene 89 312 OP 
    
  
Clinopyroxene 69 148 CP 
    
  
Plagioclase 24 38 PC 
    
  
Orthoclase 19 29 OC 
    
  
Magnetite   89 220 MAG 
    
  
Ilmenite   8 11 ILM 
    
  
Other oxide 2 3 OTOX Copper oxide, calcium oxide, and chromite   
Apatite   23 30 AP Always secondary mineral except in samples 69 
and 126 
Mica   5 16 MI Samples 137 and 157 only include mica   
Leucite   1 1 LU 
    
  
Quartz   1 1 QTZ 
    
  
Olivine   2 3 OLV Only in "Basaltic Andesite" samples   
Other   4 4 OT Examples: sodium chloride, and aluminum dust 
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human error.  Quartz is also found only once, but is nearly impossible to misidentify.  The 
presence of quartz in one sample is uniquely interesting however it does not help with 
sourcing.  Olivine is present in only two samples, both from the Suiattle River.  It is only 
found in geologic samples identified as basaltic andesite and could be used in the future to 
identify artifacts from the same source.   
Of the samples known to be from Watts Point the majority of minerals are 
orthopyroxene, magnetite and clinopyroxene. Two samples (31 and 154) contained 
feldspars and five samples contained trace amounts of the mineral apatite (46, 57, 71, 153, 
and 159).  All other geologic samples prove to be quite distinctive in how different they are 
from Watts Point samples as well as from each other (Table 5.5). Four samples (137, 146, 
151, 157) have mica minerals in their composition. Three samples (148, 149, 155) include 
the mineral ilmenite which is chemically similar to magnetite except that the amounts of 
titanium in ilmenite are equal to or surpasses the amounts of iron and suggests that those 
rocks formed from magma with a higher titanium content.  Overall, through basic 
mineralogical interpretation I have concluded that although numerous minerals exist in FGV 
artifacts, the best minerals to be further analyzed for sourcing studies are orthopyroxene, 
clinopyroxene, and magnetite. 
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Table 5.5 Mineral composition of samples with known geologic locational data. 
  CN* # of  
grains 
Pyroxene Group Feldspar Group Metal Oxides 
      Orthopyroxene Clinopyroxene Plagioclase Orthoclase Magnetite 
      # % # % # % # % # % 
W
A
TT
S 
P
O
IN
T 
 
A
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ts
: 3
1
-1
1
9
 
G
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c 
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m
p
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 1
3
6
-1
5
9
 
31 8 4 50.0% 1 12.5% 
 
  1 12.5% 2 25.0% 
43 6 4 66.7% 
 
  
 
  
 
  1 16.7% 
46 12 4 33.3% 4 33.3% 
 
  
 
  3 25.0% 
49 8 7 87.5% 
 
  
 
  
 
  1 12.5% 
56 5 3 60.0% 2 40.0% 
 
  
 
  
 
  
57 9 2 22.2% 3 33.3% 
 
  
 
  3 33.3% 
71 8 6 75.0% 
 
  
 
  
 
  1 12.5% 
110 9 5 55.6% 1 11.1% 
 
  
 
  3 33.3% 
136 6 2 33.3% 2 33.3% 
 
  
 
  2 33.3% 
150 7 5 71.4% 
 
  
 
  
 
  2 28.6% 
152 5 2 40.0% 1 20.0% 
 
  
 
  2 40.0% 
153 11 7 63.6% 
 
  
 
  
 
  3 27.3% 
154 7 4 57.1% 
 
  1 14.3% 
 
  2 28.6% 
159 10 4 40.0% 3 30.0%        1 10.0% 
SUIATTLE  
RIVER 
137 5 
 
  
 
  
 
  
 
  
 
  
148 8 
 
  2 25.0% 1 12.5% 
 
  3 37.5% 
156 11 4 36.4% 
 
  2 18.2% 
 
  3 27.3% 
157 8                   
SKAGIT 
 RIVER 
155 14 2 14.3% 6 42.9% 1 7.1% 1 7.1% 3 21.4% 
158 5 1 20.0% 1 20.0%         3 60.0% 
MT.  
BAKER 
146 10 
 
  6 60.0% 
 
  
 
  3 30.0% 
147 5    5 100.0%           
KEYSTONE  
BEACH 
160 7 4 57.1% 
 
  
 
  
 
  3 42.9% 
161 7 3 42.9% 1 14.3%       3 42.9% 
SALT CREEK 151 4         1 25.0% 1 25.0% 1 25.0% 
NOOKSACK  
FALLS 
149 9     4 44.4%         4 44.4% 
*CN=Catalog Number 
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Table 5.5 cont’d. 
  CN* Metal Oxides Apatite Mica Quartz Olivine   
    Ilmenite               
    # % # % # % # % # % Total % 
W
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T 
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C
TS
: 3
1
-1
1
9
 
G
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G
IC
 S
A
M
P
LE
S:
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3
6
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5
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31 
 
  
 
  
 
  
 
  
 
  100.0% 
43 
 
  
 
  
 
  1 16.7% 
 
  100.0% 
46 
 
  1 8.3% 
 
  
 
  
 
  100.0% 
49 
 
  
 
  
 
  
 
  
 
  100.0% 
56 
 
  
 
  
 
  
 
  
 
  100.0% 
57 
 
  1 11.1% 
 
  
 
  
 
  100.0% 
71 
 
  1 12.5% 
 
  
 
  
 
  100.0% 
110 
 
  
 
  
 
  
 
  
 
  100.0% 
136 
 
  
 
  
 
  
 
  
 
  100.0% 
150 
 
  
 
  
 
  
 
  
 
  100.0% 
152 
 
  
 
  
 
  
 
  
 
  100.0% 
153 
 
  1 9.1% 
 
  
 
  
 
  100.0% 
154 
 
  
 
  
 
  
 
  
 
  100.0% 
159    2 20.0%          100.0% 
SUIATTLE  
RIVER 
137 
 
  
 
  5 100.0% 
 
  
 
  100.0% 
148 1 12.5% 
 
  
 
  
 
  1 12.5% 100.0% 
156 
 
  
 
  
 
  
 
  2 18.2% 100.0% 
157       8 100.0%        100.0% 
SKAGIT 
 RIVER 
155 1 7.1% 
 
  
 
  
 
  
 
  100.0% 
158                 100.0% 
MT.  
BAKER 
146 
 
  
 
  1 10.0% 
 
  
 
  100.0% 
147                 100.0% 
KEYSTONE  
BEACH 
160 
 
  
 
  
 
  
 
  
 
  100.0% 
161                100.0% 
SALT CREEK 151         1 25.0%         100.0% 
NOOKSACK  
FALLS 
149 1 11.1%                 100.0% 
    *CN=Catalog Number 
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Mineralogical Analysis of Orthopyroxene, Clinopyroxene and Magnetite 
After mineralogical identification confirmed the three most common minerals were 
orthopyroxene, clinopyroxene and magnetite further analysis on these minerals was applied 
in order to identify their potential geologic sources. 
A more detailed look at magnetite gives more information about each possible 
source.  When taking into account just the elements that make up the magnetite mineral (in 
this case Fe and Ti) a clear distinction between Watts Point and all other geologic samples is 
seen.  Table 5.6 shows that magnetite in Watts Point samples on average contains 82.09% 
iron and 17.91% titanium.  When compared to the other geologic samples, except Salt 
Creek and one of the Skagit River samples, titanium replaces the iron in magnetite minerals 
much more often.  The samples with more titanium in the magnetite grains were also the 
samples that contain the mineral ilmenite.  In the Salt Creek sample and one Skagit River 
sample the opposite is seen, more iron and less titanium exist than Watts Point samples.   
Table 5.6 shows that the range of iron and titanium in Watts Point samples is tighter while 
in the other geologic samples this range is variable. A possible explanation is that these 
samples were not collected from bedrock, and they may have originated at a variety of 
locations within the same general source.  
The same analysis was performed on orthopyroxene samples but was much less 
informative. Table 5.7 shows how the minerals that make up orthopyroxenes compare 
between samples.  For silicon and iron the percentages increase a small amount depending 
on source.  With magnesium, however, a slight distinction exists between Watts Point and 
other geologic samples.  The same analysis was not applied to clinopyroxene minerals  
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Table 5.6 Averages of iron and titanium in magnetite samples with known geologic location. 
 
Table 5.7 Averages of silicon, magnesium and iron in orthopyroxene samples with known 
geologic location. 
 
because the mineral composition of clinopyroxene is too variable: 
(Ca,Na)(Mg,Fe,Al,Ti)(Si,Al)2O6. 
 Minerals within samples that were sourced to one of the seven Unknown FGV 
groups were analyzed in order to identify group characteristics.  Table 5.8 shows that the 
most common minerals present are orthopyroxene, magnetite and clinopyroxene.  Table 
5.8 shows the breakdown of minerals within each Unknown FGV source group.  In most 
cases the mineral composition within each sample seems to reflect the mineral composition 
from the other samples in its group.  
 
 
 
Geologic Sample Fe2O3 TiO2 Fe2O3 Range TiO2 Range 
Watts Point 82.09 17.91 79.04-86.95 13.05-20.96 
Suiattle River 79.83 20.17 73.16-89.18 10.82-26.84 
Skagit River 79.82 20.18 59.22-92.18 7.82-40.78 
Keystone Ferry 67.69 32.31 66.09-70.50 29.50-33.91 
Nooksack Falls 74.07 25.93 71.93-77.00 23.00-28.61 
Salt Creek 88.95 11.05 Only one magnetite mineral 
Geologic Sample SiO2  MgO Fe2O3  SiO2 Range MgO Range Fe2O3 
Range 
Watts Point 61.72 30.86 7.42 54.38-75.58 20.43-42.44 3.19-15.84 
Suiattle River 65.27 27.92 6.81 62.23-68.06 25.74-31.11 4.78-9.96 
Skagit River 64.71 27.23 8.05 62.51-67.51 25.10-28.07 7.38-8.96 
Keystone Ferry 63.13 27.15 9.73 59.93-61.96 24.24-29.44 7.71-10.63 
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Table 5.8 Number of occurrences of each identified mineral in the “Unknown FGV” groups. 
Mineral Name 
# of Occurrences 
Abbreviation Comments 
        
by 
object 
by 
mineral         
Orthopyroxene 17 50 OP 
    
  
Clinopyroxene 14 28 CP 
    
  
Plagioclase 5 14 PC 
    
  
Orthoclase 6 13 OC 
    
  
Magnetite   16 55 MAG 
    
  
Ilmenite   None None ILM 
    
  
Other oxide None None OTOX 
 
  
Apatite   7 7 AP 
 Mica   1 1 MI Unknown FGV 5 Sample # 76   
Leucite   None None LU 
    
  
Quartz   None None QTZ 
    
  
Olivine   None None OLV 
 
  
Other   1 1 OT Unknown FGV 5 Sample #76 
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Table 5.9 Mineral composition for each Unknown FGV source. 
Source CN* # of 
grains 
Pyroxene Group Feldspar Group 
      Orthopyroxene Clinopyroxene Plagioclase Orthoclase 
      # % # % # % # % 
FGV 1 
27 7 3 42.9% 1 14.3%         
79 8         5 62.5% 3 37.5% 
83 4 4 100.0%             
142 5 1 20.0% 2 40.0% 1 20.0% 1 20.0% 
FGV 2 
34 12 2 16.7% 3 25.0%         
39 9 1 11.1% 2 22.2%         
66 13 5 38.5% 2 15.4%         
68 9 3 33.3% 1 11.1%         
84 8 4 50.0%             
FGV 3 
61 4 2 50.0%             
65 6     2 33.3%         
FGV 4 
74 7 2 28.6% 3 42.9%     1 14.3% 
75 7 6 85.7% 1 14.3%         
FGV 5 
76 13         5 38.5% 5 38.5% 
78 12 3 25.0%     2 16.7% 2 16.7% 
145 6 2 33.3% 2 33.3%         
FGV6 
94 9 4 44.4% 1 11.1%         
116 6 3 50.0%             
130 5     3 60.0%         
141 5 3 60.0%     1 20.0% 1 20.0% 
FGV 7 
125 7     3 42.9%         
126 7 2 28.6% 2 28.6%         
                *CN= Catalog Number 
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Table 5.9 cont’d. 
 
Source CN* Metal Oxides Apatite Mica Other   
    Magnetite               
    # % # % # % # % Total % 
FGV 1 
27 3 42.9%             100.0% 
79                 100.0% 
83               
 
100.0% 
142                100.0% 
FGV 2 
34 6 50.0% 1 8.3%         100.0% 
39 5 55.6% 1 11.1%         100.0% 
66 6 46.2%             100.0% 
68 4 44.4% 1 11.1%         100.0% 
84 4 50.0%             100.0% 
FGV 3 
61 2 50.0%             100.0% 
65 4 66.7%             100.0% 
FGV 4 
74     1 14.3%         100.0% 
75                 100.0% 
FGV 5 
76 1 7.7%     1 7.7% 1 7.7% 100.0% 
78 5 41.7%             100.0% 
145 2 33.3%             100.0% 
FGV6 
94 3 33.3% 1 11.1%         100.0% 
116 3 50.0%             100.0% 
130 1 20.0% 1 20.0%         100.0% 
141                 100.0% 
FGV 7 
125 4 57.1%             100.0% 
126 2 28.6% 1 14.3%         100.0% 
  *CN: Catalog Number 
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Statistical Mineralogical Analysis  
In order to follow the methods set forth by Greenough et al. (2004) and discussed in 
Chapter 4, discriminant analysis was applied to the seven unknown FGV sources in order to 
determine if samples would fall within their predicted group based on mineral composition.  
Analysis was performed based on wt% of the elements; only elements present in >95% of 
cases were used.  In each analysis over 70% of the cases were classified correctly, far less 
than the >90% that Greenough et al. (2004) identified, but still significant. Tables 5.10, 5.11 
and 5.12 show the summaries of predicted group membership for each mineral.  These 
results concur with the findings of Greenough et al. (2004) that orthopyroxene is the best 
mineral for chemical fingerprinting.  This is likely due to the frequency of the mineral in 
each sample.  In four of the seven groups, minerals were classified correctly nearly 100% of 
the time.  If we assume FGV 4 and 6 actually come from the same source, as previously 
suggested, then the correct classification of those groups would increase to 100% for FGV 4 
and 80% for FGV 6.  It is interesting to note that in both Table 5.10 and 5.11 FGV 5 has been 
classified fairly poorly, but when analyzed by the mineral clinopryoxene (Table 5.12) FGV 5 
is classified correctly 100% of the time. This may show that for some sources, other 
minerals are more distinctive; however, this could also be due to small sample size.  
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Table 5.10 Summary table of predicted group membership for orthopyroxene minerals. 
Source Predicted Group Membership Total 
FGV 1 FGV 2 FGV 3 FGV 4 FGV 5 FGV 6 FGV 7 
FGV 1 7 0 0 0 0 0 0 7 
FGV 2 0 11 0 2 1 1 0 15 
FGV 3 0 0 2 0 0 0 0 2 
FGV 4 0 0 0 7 0 1 0 8 
FGV 5 0 0 0 0 2 2 1 5 
FGV 6 0 0 0 2 2 6 0 10 
FGV 7 0 0 0 0 0 0 2 2 
FGV 1 100.0 .0 .0 .0 .0 .0 .0 100.0 
FGV 2 .0 73.3 .0 13.3 6.7 6.7 .0 100.0 
FGV 3 .0 .0 100.0 .0 .0 .0 .0 100.0 
FGV 4 .0 .0 .0 87.5 .0 12.5 .0 100.0 
FGV 5 .0 .0 .0 .0 40.0 40.0 20.0 100.0 
FGV 6 .0 .0 .0 20.0 20.0 60.0 .0 100.0 
FGV 7 .0 .0 .0 .0 .0 .0 100.0 100.0 
*75.5% of original grouped cases correctly classified. 
 
Table 5.11 Summary table of predicted group membership for magnetite minerals (note 
there are no magnetite minerals for FGV 4). 
Source Predicted Group Membership Total 
FGV 1 FGV 2 FGV 3 FGV 5 FGV 6 FGV 7 
FGV 1 3 0 0 0 0 0 3 
FGV 2 5 19 0 0 0 1 25 
FGV 3 1 0 4 0 0 1 6 
FGV 5 2 0 0 3 3 0 8 
FGV 6 0 0 0 1 6 0 7 
FGV 7 1 0 0 1 0 4 6 
FGV 1 100.0 .0 .0 .0 .0 .0 100.0 
FGV 2 20.0 76.0 .0 .0 .0 4.0 100.0 
FGV 3 16.7 .0 66.7 .0 .0 16.7 100.0 
FGV 5 25.0 .0 .0 37.5 37.5 .0 100.0 
FGV 6 .0 .0 .0 14.3 85.7 .0 100.0 
FGV 7 16.7 .0 .0 16.7 .0 66.7 100.0 
* 70.9% of original grouped cases correctly classified. 
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Table 5.12 Summary table of predicted group membership for clinopyroxene minerals. 
Source Predicted Group Membership Total 
FGV 1 FGV 3 FGV 3 FGV 4 FGV 5 FGV 6 FGV 7 
FGV 1 2 1 0 0 0 0 0 3 
FGV 3 2 5 0 0 0 1 0 8 
FGV 3 0 0 2 0 0 0 0 2 
FGV 4 0 0 0 3 0 1 0 4 
FGV 5 0 0 0 0 2 0 0 2 
FGV 6 0 1 0 0 1 2 0 4 
FGV 7 0 0 0 0 1 0 4 5 
FGV 1 66.7 33.3 .0 .0 .0 .0 .0 100.0 
FGV 3 25.0 62.5 .0 .0 .0 12.5 .0 100.0 
FGV 3 .0 .0 100.0 .0 .0 .0 .0 100.0 
FGV 4 .0 .0 .0 75.0 .0 25.0 .0 100.0 
FGV 5 .0 .0 .0 .0 100.0 .0 .0 100.0 
FGV 6 .0 25.0 .0 .0 25.0 50.0 .0 100.0 
FGV 7 .0 .0 .0 .0 20.0 .0 80.0 100.0 
*71.4% of original grouped cases correctly classified. 
 
 Cluster analysis was performed on samples that seemed to fall within three possible 
groups based on their location within the Harker diagram (Figure 5.9).  Artifacts and 
geologic samples belonging to these three “theorized source” groups were chosen based on 
their whole-rock chemistry and their close proximity in the Harker diagram.  I only chose 
artifacts that were close in proximity to geologic samples in the diagram. This analysis was 
not combined with the analysis of “Unknown FGV” source groups because I wanted to base 
this analysis on mineralogical data alone. Only elements present in >95% (SiO2, Al2O3, MgO, 
CaO, Fe2O3) of cases were used. Clustering was performed on orthopyroxene minerals using 
Euclidian Distance and between group linkages; all samples contain more than one  
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orthopyroxene mineral.  All statistical tests were performed using both wt% and mol%; wt% 
tests were more accurate, however, and are presented below. 
 “Theorized source 1” and “theorized source 2” both consist of six artifacts and one 
geologic sample; “Theorized source 3” consists of five artifacts and one geologic sample.  Of 
all the theorized sources only artifacts from “theorized source 1” seem to cluster together.  
In this group orthopyroxene minerals from four of the six artifacts cluster together, while 
the remaining two artifacts and the geologic sample fall within other various clusters 
(Figures 5.10 and Table 5.13).  Discriminant analysis on these theorized sources confirm that 
the first nine cases, all artifacts, (samples 27, 83, 96, and 97) are classified correctly (Table 
5.14). Interestingly samples 27 and 83 cluster within “Theorized Source 1” and also are 
members of “Unknown FGV 1” defined by trace element analysis suggesting artifacts from 
both these groups could be from the same unknown source.   
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Figure 5.10 Dendrogram showing clusters of each theorized source based on orthopyroxene 
minerals. Note the cluster of “theorized source 1” at the bottom of the figure. This cluster 
represents the orthopyroxene minerals of four artifacts. 
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Table 5.13 Cluster membership table (note that the first nine cases always fall within the 
same cluster regardless of number of clusters; hierarchical cluster analysis used). 
Case 6 Clusters 5 Clusters 4 Clusters 3 Clusters 2 Clusters 
1:Theorized Source 1 1 1 1 1 1 
2:Theorized Source 1 1 1 1 1 1 
3:Theorized Source 1 1 1 1 1 1 
4:Theorized Source 1 1 1 1 1 1 
5:Theorized Source 1 1 1 1 1 1 
6:Theorized Source 1 1 1 1 1 1 
7:Theorized Source 1 1 1 1 1 1 
8:Theorized Source 1 1 1 1 1 1 
9:Theorized Source 1 1 1 1 1 1 
10:Theorized Source 1 2 2 2 2 1 
11:Theorized Source 1 2 2 2 2 1 
12:Theorized Source 1 2 2 2 2 1 
13:Theorized Source 1 2 2 2 2 1 
14:Theorized Source 1 2 2 2 2 1 
15:Theorized Source 2 3 3 3 3 2 
16:Theorized Source 2 2 2 2 2 1 
17:Theorized Source 2 2 2 2 2 1 
18:Theorized Source 2 4 4 2 2 1 
19:Theorized Source 2 2 2 2 2 1 
20:Theorized Source 2 2 2 2 2 1 
21:Theorized Source 2 2 2 2 2 1 
22:Theorized Source 2 2 2 2 2 1 
23:Theorized Source 2 5 4 2 2 1 
24:Theorized Source 2 4 4 2 2 1 
25:Theorized Source 2 2 2 2 2 1 
26:Theorized Source 2 2 2 2 2 1 
27:Theorized Source 2 2 2 2 2 1 
28:Theorized Source 2 6 5 4 2 1 
29:Theorized Source 2 4 4 2 2 1 
30:Theorized Source 2 2 2 2 2 1 
31:Theorized Source 2 2 2 2 2 1 
32:Theorized Source 2 2 2 2 2 1 
33:Theorized Source 2 5 4 2 2 1 
34:Theorized Source 2 2 2 2 2 1 
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Table 5.13 cont’d. 
Case 6 Clusters 5 Clusters 4 Clusters 3 Clusters 2 Clusters 
35:Theorized Source 2 2 2 2 2 1 
36:Theorized Source 2 2 2 2 2 1 
37:Theorized Source 2 2 2 2 2 1 
38:Theorized Source 2 2 2 2 2 1 
39:Theorized Source 2 2 2 2 2 1 
40:Theorized Source 2 2 2 2 2 1 
41:Theorized Source 2 2 2 2 2 1 
42:Theorized Source 3 1 1 1 1 1 
43:Theorized Source 3 5 4 2 2 1 
44:Theorized Source 3 5 4 2 2 1 
45:Theorized Source 3 2 2 2 2 1 
46:Theorized Source 3 5 4 2 2 1 
47:Theorized Source 3 4 4 2 2 1 
48:Theorized Source 3 5 4 2 2 1 
49:Theorized Source 3 5 4 2 2 1 
50:Theorized Source 3 2 2 2 2 1 
51:Theorized Source 3 2 2 2 2 1 
52:Theorized Source 3 2 2 2 2 1 
53:Theorized Source 3 5 4 2 2 1 
54:Theorized Source 3 2 2 2 2 1 
55:Theorized Source 3 2 2 2 2 1 
56:Theorized Source 3 2 2 2 2 1 
57:Theorized Source 3 2 2 2 2 1 
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Table 5.14 Casewise statistics showing group membership. 15=theorized source 1, 
16=theorized source 2, 17=theorized source 3 (note: first nine cases are classified correctly).  
Case 
Number 
Actual 
Group 
Highest Group Second Highest Group Discriminant Scores 
Predicted 
Group 
P(D>d | G=g) P(G=g | 
D=d) 
SMDC* Group P(G=g | 
D=d) 
SMDC* Function 1 Function 2 
p df 
1 15 15 .979 2 .888 .042 17 .077 4.930 -1.825 .255 
2 15 15 .372 2 .990 1.975 17 .008 11.734 -2.961 .660 
3 15 15 .457 2 .985 1.566 17 .010 10.684 -2.781 .687 
4 15 15 .734 2 .964 .619 17 .026 7.878 -2.383 .441 
5 15 15 .867 2 .939 .285 17 .042 6.491 -2.114 .413 
6 15 15 .269 2 .991 2.628 17 .007 12.448 -3.262 -.076 
7 15 15 .773 2 .957 .515 17 .033 7.275 -2.373 .123 
8 15 15 .593 2 .959 1.046 17 .034 7.707 -2.539 -.374 
9 15 15 .342 2 .990 2.147 17 .008 11.758 -3.121 .146 
10 15 17** .829 2 .466 .376 16 .359 .899 -.146 -.103 
11 15 17** .707 2 .430 .693 16 .285 1.513 -.447 -.103 
12 15 16** .799 2 .530 .450 17 .342 1.324 .113 .555 
13 15 17** .953 2 .636 .096 16 .287 1.687 .147 -.888 
14 15 16** .977 2 .555 .046 17 .391 .745 .515 .225 
15 16 17** .007 2 .940 9.828 16 .031 16.627 -.203 -3.695 
16 16 16 .411 2 .424 1.779 15 .332 2.269 -.408 .984 
17 16 17** .596 2 .377 1.035 16 .354 1.160 -.354 .245 
18 16 16 .714 2 .529 .674 17 .460 .953 1.186 -.401 
19 16 16 .717 2 .610 .666 17 .278 2.240 .205 .907 
20 16 17** .900 2 .499 .211 16 .462 .364 .595 -.313 
21 16 16 .884 2 .550 .248 17 .431 .736 .969 -.156 
22 16 16 .884 2 .587 .246 17 .397 1.028 1.091 -.057 
23 16 17** .481 2 .689 1.465 16 .301 3.120 1.075 -1.454 
24 16 16 .902 2 .678 .206 17 .308 1.785 1.169 .360 
25 16 16 .284 2 .763 2.520 17 .148 5.807 .342 1.818 
26 16 16 .615 2 .785 .972 17 .189 3.820 .899 1.246 
27 16 16 .847 2 .704 .331 17 .285 2.143 1.278 .432 
28 16 16 .065 2 .925 5.480 17 .062 10.899 1.175 2.574 
29 16 16 .301 2 .879 2.401 17 .114 6.486 1.511 1.611 
30 16 16 .619 2 .640 .960 17 .355 2.136 1.615 -.128 
31 16 16 .820 2 .719 .396 17 .247 2.532 .780 .903 
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Table 5.14 cont’d. 
Case 
Number 
Actual 
Group 
Highest Group Second Highest Group Discriminant Scores 
Predicted 
Group 
P(D>d | G=g) P(G=g | 
D=d) 
SMDC* Group P(G=g | 
D=d) 
SMDC* Function 1 Function 2 
p df 
32 16 16 .615 2 .593 .972 17 .261 2.616 .077 1.021 
33 16 16 .868 2 .486 .283 17 .480 .308 .669 -.252 
34 16 16 .861 2 .499 .299 17 .394 .768 .177 .286 
35 16 16 .926 2 .501 .155 17 .451 .365 .528 -.065 
36 16 17** .964 2 .556 .073 16 .399 .734 .495 -.550 
37 16 17** .760 2 .451 .550 16 .301 1.362 -.365 -.145 
38 16 17** .914 2 .647 .180 16 .307 1.668 .404 -.975 
39 16 16 .316 2 .868 2.302 17 .129 6.119 1.900 1.234 
40 16 16 .610 2 .772 .988 17 .223 3.470 1.663 .598 
41 16 16 .482 2 .825 1.458 17 .156 4.788 1.047 1.440 
42 17 15** .181 2 .993 3.422 17 .006 13.604 -3.449 -.311 
43 17 17 .660 2 .399 .832 16 .381 .924 -.235 .196 
44 17 17 .566 2 .734 1.137 16 .246 3.321 .700 -1.546 
45 17 17 .768 2 .611 .529 16 .196 2.799 -.389 -.974 
46 17 17 .398 2 .765 1.840 16 .223 4.308 .850 -1.795 
47 17 17 .514 2 .742 1.329 16 .241 3.580 .755 -1.615 
48 17 17 .829 2 .627 .376 16 .347 1.558 .708 -.971 
49 17 17 .652 2 .736 .855 16 .232 3.160 .468 -1.483 
50 17 17 .901 2 .491 .207 16 .464 .320 .542 -.259 
51 17 16** .601 2 .644 1.020 17 .240 2.995 .201 1.141 
52 17 16** .660 2 .404 .832 17 .388 .912 -.189 .270 
53 17 16** .690 2 .521 .743 17 .468 .956 1.195 -.445 
54 17 16** .615 2 .480 .971 17 .306 1.867 -.156 .722 
55 17 17 .276 2 .838 2.576 16 .133 6.264 .311 -2.192 
56 17 16** .808 2 .685 .427 17 .306 2.038 1.376 .260 
57 17 16** .758 2 .493 .554 17 .489 .572 .967 -.427 
*Squared Mahalanobis Distance to Centroid 
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Discussion 
Of the samples sent to NWROSL I expected that: 1) all dacite samples surrounding 
the Watts Point samples in the Harker diagram would be reported as having a Watts Point 
source (Figure 5.11); 2) samples identified as dacite that plot geochemically different than 
Watts Point samples in the Harker diagram would not be identified as having a Watts Point 
source; and 3) all samples identified as another FGV material would not be identified as 
having a Watts Point source (Figure 5.12).  All eight samples similar in major element 
composition to Watts Point  that were sent to NWROSL were identified as having a Watts 
Point source; however, one sample (#119) was outside of the Watts Point range but was still 
sourced by trace element analysis to Watts Point (Figure 5.12).  Further discussion with Dr. 
Skinner from NWROSL determined that sample 119, although similar to Watts Point, is likely 
from a separate source with a similar trace element composition (Dr. Craig Skinner, 
personal communication, August 19, 2013).  When sample 119 from 45WH4 is removed 
from consideration, two sites (45WH4 and 45WH17) are shown to contain no Watts Point 
artifacts.  Sample 119 shows that minor differences in geochemical signature may be 
important in the delineation of sources and that a more holistic approach, including whole 
rock major element geochemistry, may improve the method.  Just as expected, Watts Point 
was not the origin of the other 39 samples. 
As the results show there is high variation in the dacite sources available in the 
region.  Seventy-two percent of all FGV artifacts analyzed in this thesis are dacite.  As shown 
in Figure 5.11 approximately half of those appear to come from a source other than 
123 
 
 
 F
ig
u
re
 5
.1
1
 H
ar
ke
r 
d
ia
gr
am
 c
o
m
p
ar
in
g 
ar
ti
fa
ct
s 
an
d
 g
eo
lo
gi
c 
sa
m
p
le
s.
 C
ir
cl
e 
id
en
ti
fi
es
 W
at
ts
 P
o
in
t 
an
d
 
su
rr
o
u
n
d
in
g 
ar
ti
fa
ct
 s
am
p
le
s.
 
124 
 
  
 
Fi
gu
re
 5
.1
2
 H
ar
ke
r 
d
ia
gr
am
 o
f 
sa
m
p
le
s 
se
n
t 
to
 N
W
R
O
SL
. N
o
te
 t
h
e 
lo
ca
ti
o
n
 o
f 
W
at
ts
 P
o
in
t 
sa
m
p
le
s.
 
125 
 
Watts Point, based on whole rock composition.  The remaining 28% of FGV artifacts show 
the presence of multiple non-dacite sources in the region.  Results of trace element analysis 
confirm this source variability.  Two of the seven “Unknown FGV” sources identified by 
NWROSL are dacite sources while the remaining five were various other kinds of FGVs 
(Figure 5.8).  
My results show that the whole rock composition of Watts Point dacite may be 
distinctive enough to be a basis for sourcing.  This method of obtaining bulk geochemical 
signatures of artifact major elements potentially has a wide range of applications in future 
research of FGV artifacts in the Northwest.  The ease of obtaining this type of data is 
remarkably straightforward and simple.  Many universities have the equipment necessary 
for obtaining this data which can often be used by researchers at little to no cost.  
Researchers have the option to screen samples to determine their likelihood of being 
sourced to Watts Point and then either include or exclude artifacts from further analysis 
depending on the questions being asked.   
Mineralogical Comparison of Arrowstone and Unknown FGV 6 
As previously discussed, Dr. Craig Skinner from NWROSL suggested “Unknown FGV 
6” and Arrowstone have similar composition, but also cautioned that additional data on 
more regional sources was necessary before concluding these are the same source.  The 
Arrowstone source in the interior of British Columbia, also known as Cache Creek, was 
mineralogically analyzed by Mallory-Greenough et al. (2002) and Greenough et al. (2004).  
Their preliminary work identified a mineralogical composition similar to “Unknown FGV 6”; 
126 
 
however, some of the mineralogy is different.  The most common mineral in both groups is 
orthopyroxene; both groups also are high in Fe-Ti oxides (likely magnetite).  The similarities 
end there however; Cache Creek samples are also high in both Ca-Feldspars (plagioclase) 
and K-Feldspars (orthoclase).  Only one artifact sample from “Unknown FGV 6” includes 
feldspars (sample #141).  In fact, the only artifact from the “Unknown FGV 6” group that 
looks mineralogically similar to Cache Creek samples is sample #141. The rest of the 
samples (#94, 116, 130) have a mineralogical composition much different.  This all suggests 
that “Unknown FGV 6” and Arrowstone (or Cache Creek) differ in their mineralogical 
composition and likely represent two separate sources.  
 
Geographic and Temporal Patterns in Tool Stone Procurement 
Geographic Patterns 
Based on the results from whole rock and trace element analysis on Watts Point 
samples a few interpretations can be made.  A compilation of research done by Bakewell 
(2005), Kwarsick (2010), Taylor (2012) and this study shows that Watts Point has a clear 
distribution pattern throughout the Salish Sea (Figure 5.13).  However, the two most 
northern sites of this study contain no Watts Point artifacts which is unexpected based on 
this distribution.  This may suggest that people who lived at 45WH4 and 45WH17 did not 
collect their tool stone in the same way or at the same locations as individuals at the other 
sites analyzed in this thesis.  It could also mean that the area the sites are in geographically 
may have been prone to different geologic or environmental forces that limited the  
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Figure 5.13 Artifact distribution of Watts Point dacite in archaeological sites (red shading) 
(Bakewell 2005; Kwarsick 2010; Taylor 2012); blue shading indicates the only sites known to 
contain NO Watts Point dacite. 
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availability of Watts Point beach cobbles (eg: coastal currents, glaciation).  It is also 
important to note that the sample size from 45WH17 was much smaller than the other sites 
in this analysis.  This is due to a low frequency of FGV artifacts in the collection; 43% of 
artifacts tested were not FGV.  This still suggests something unique may have been 
happening at that site in particular. 45WH4 is also unique in the tool stone seen in the 
assemblage.  Its location as the furthest inland site suggests that tool stone would not have 
been collected from beach cobbles as frequently as it was at coastal sites and instead 
people were collecting their material from river cobbles, making it more likely the source of 
their tool stone is in the nearby Cascade Mountains.  The Nooksack River did flow north 
through Sumas in the past making Mt. Baker a likely source for their tool stone (Hutchings 
2004).   
At the same time, almost all artifacts from the southernmost site (45SK46) appear to 
be of Watts Point origin (Table 5.2 and Figure 5.14).  This suggests that Watts Point dacite 
was readily available at the site.  The appearance that Watts Point dacite had a greater 
presence at sites further south backs up the idea that environmental forces were dictating 
where people procured their tool stone. 
Based on the relationship between the sites and each Unknown FGV source a few 
things stand out.  Geographically, it is interesting to note that Unknown FGV 6 is only found 
in the northern sites (45WH1, 45WH4 and 45WH17) (Figure 5.14). If FGV 4 is eventually 
found to be from the same source as FGV 6 (as Dr. Skinner suggests) only one additional site 
would be added to the list (45WH55) which would expand the range of this source only  
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Figure 5.14 Map indicating geologic patterns of artifact source groups by site. 
Unknown FGV 1=1 
Unknown FGV 5=1 
Unknown FGV 6=1 
Unknown FGV 6=2 
Unknown FGV 7=2 
Unknown FGV 6=1 
Watts Point=1 
Unknown FGV 1=1 
Unknown FGV 2=2 
Watts Point=1 
Unknown FGV 1=2 
Unknown FGV 2=3 
Unknown FGV 3=1 
Unknown FGV 4=2 
Unknown FGV 5=2 
Watts Point=1 
Unknown FGV 3=1 
Watts Point=3 
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slightly further south.  Similarly, Unknown FGV 3 is only found in the two most southern 
sites (45WH55 and 45SK46) (Figure 5.14).  Without any other data suggesting the location 
of this source it is difficult to evaluate the cultural significance. 
Distribution of Watts Point Dacite in the Salish Sea 
 The lack of Watts Point dacite in some archaeological sites has led to additional 
questions about its availability throughout the Salish Sea.  It seem as though at some 
locations Watts Point dacite was not as available as it was at other locations.  Based on this 
observation I conducted further research on the glacial maximum of the Cordilleran Ice 
Sheet during the Frasier Glaciation.  This research has identified two lobes (Juan de Fuca 
and Puget) that extended through the Salish Sea area and may shed light on why Watts 
Point dacite is missing from some locations.  Based on the positions of the lobes I propose a 
new distribution pattern of Watts Point dacite that takes into account these separate lobes 
(Figure 5.15).  Future research involving an extensive survey of the area indicated on the 
map will shed light on whether Watts Point dacite was as readily available within the space 
of the Puget lobe as it seems to be within the Juan de Fuca lobe.  A preliminary survey done 
by myself, and discussed in Chapter 4, indicated the presence of no FGV cobbles on many of 
the beaches within this area. 
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Figure 5.15 Reconstruction of the Puget and Juan de Fuca glacial lobes of the Cordilleran Ice 
Sheet during the maximum of the Vashon stade (recreated from Riedel 2007); boundary 
through San Juan Islands is missing on original map and is extrapolated here.  Note: Puget 
lobe does not cover Watts Point (proposed Watts Point distribution shown as red dotted 
line; red shading indicates area critical for future beach cobble surveying). 
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Temporal Patterns 
The use of Watts Point dacite spans most culture phases however is most common 
during the Locarno Beach phase except at one site (45WH34) (Figures 5.16-5.19).  Sites 
45SK46 and 45WH1, which have the next highest percentage of Watts Point samples (70% 
and 40% respectively), all have components that fall within the Locarno Beach phase (Figure 
5.17); however, so does 45WH17 which has no Watts Point samples.  This indicates that the 
use of Watts Point dacite peaked during the Locarno Beach phase, but not at 45WH17 
where it seems something unique is happening. The main occupation of site 45WH34, 
which has the most Watts Point artifacts, falls within the St. Mungo culture phase, showing 
Watts Point was used here much sooner than at the other sites in this study (Figure 5.16).  
Future research on sites from this time period will help to understand if this is unique to the 
site or is more wide spread.  At the time of occupation 45WH34 was a coastal site; since 
then, the Nooksack River altered course and now flows south through the site (Hutchings 
2004). Delta deposits have covered this ancient coast line; more studies on the rocks 
present on this ancient coastal beach should reveal if Watts Point dacite was available.  
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Figure 5.16 Known source groups (identified by NWROSL) distributed by site during the 
Olcott/St.Mungo culture phases. 
Unknown FGV 1=1 
Unknown FGV 2=1 
Watts Point=3 
134 
 
 
Figure 5.17 Known source groups (identified by NWROSL) distributed by site during the 
Locarno Beach culture phase. 
Unknown FGV 1=1 
Unknown FGV 6=1 
Unknown FGV 6=1 
Unknown FGV 2=2 
Unknown FGV 4=1 
Watts Point=1 
Unknown FGV 3=1 
Watts Point= 3 
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Figure 5.18 Known source groups (identified by NWROSL) distributed by site during the 
Marpole culture phase. 
Unknown FGV 3=1 
Unknown FGV 6=2 
Unknown FGV 7=2 
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Figure 5.19 Known source groups (identified by NWROSL) distributed by site during the 
Strait of Georgia culture phase. 
Watts Point=1 
Unknown FGV 5=1 
Unknown FGV 2=1 
Unknown FGV 1=2 
Unknown FGV 2=1 
Unknown FGV 4=1 
Unknown FGV 5=2 
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Table 5.15 Association between culture phases and known source groups. 
Culture Phase Source Associated Sites Number 
of 
Artifacts 
Associated 
Osiensky Catalog 
Numbers 
Olcott/St. Mungo 
10000-3500 BP 
Unknown FGV 1 45WH34  27 
Unknown FGV 2 
Watts Point 
45WH34 
45WH34 
5 34 
31, 43, 46 
Locarno Beach 
3500-2400 BP 
Unknown FGV 1 45WH17  142 
Unknown FGV 2 45WH55  66, 68 
Unknown FGV 3 45SK46 11 61 
Unknown FGV 4 45WH55  74 
Unknown FGV 6 
Watts Point 
45WH1, 45WH17 
45SK46, 45WH55 
 94, 141 
49, 56, 57, 71 
Marpole 
2400-1400 BP 
Unknown FGV 3 45WH55  65 
Unknown FGV 6 45WH4 5 116, 130 
Unknown FGV 7 45WH4  125, 126 
Strait of Georgia 
1400-300 BP 
Unknown FGV 1 45WH55  79, 83 
Unknown FGV 2 45WH34, 45WH55  39, 84 
Unknown FGV 4 45WH55 9 75 
Unknown FGV 5 
Watts Point 
45WH55, 45WH17 
45WH1 
 76, 78, 145 
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Temporal patterns between the “Unknown FGV” groups identified by Dr. Skinner 
shed light on tool stone procurement strategies and source locations.  Table 5.15 shows the 
temporal relationship between artifacts belonging to known source groups.  Unknown FGV 
1 and FGV 2 are seen in the oldest site (45WH34) in components that date to around 4500 
years ago during the Olcott and St. Mungo culture phases.  During this phase flaked stone 
artifacts were common. This suggests an emphasis on collecting high quality material from 
well-known local sources.   Watts Point dacite also makes up a large percent of the 
assemblage; suggesting it was of high enough quality to be selected for and may have been 
procured from a well-known secondary location or was among materials traded between 
groups. 
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Artifacts from FGV 4 and FGV 6 fall within the same time frame around 2700 years 
ago and could be further evidence of their relationship (as Dr. Skinner suggested). These 
artifacts fall within the Locarno Beach culture phase and later, when the presence of flaked 
stone tools began dwindling in the archaeological record.  This suggests that tool stone from 
FGV 4 and FGV 6 was collected opportunistically from cobble beaches and may indicate a 
source further away.  Based on research by Kwarsick (2010), we know that Watts Point 
dacite was collected opportunistically from beach cobbles. This along with evidence from all 
FGV sources dating to 3000 years ago or earlier indicates that the opportunistic collection of 
FGVs from beach cobbles peaked during the Locarno Beach culture phase.   Artifacts from 
FGV 5 date within the last 1000 years also suggesting they were opportunistically collected, 
likely from glacial or beach deposits, which could suggest FGV 5 is also distant source.  
As you can see in Table 5.15, during the Olcott and St. Mungo culture phase’s only 
three sources were utilized by the native population. This indicates a more direct approach 
to obtaining quality materials, where lithic procurement was a specific task.  During these 
culture phases flaked stone tools were extremely common and used for many tasks; 
because of this a high quality material was necessary.  Based on this research I expect that 
during this time frame on the Northwest Coast people were extremely selective in the tool 
stone they procured and only obtained it from well-known locations; this likely changed 
during the Locarno Beach phase when procurement strategies changed. Once technological 
focus turned to ground stone and other technologies during the Locarno Beach culture 
phase, FGV material procurement likely switched to an opportunistic approach, imbedded 
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in other tasks.  This is why we see numerous sources being utilized. Since Watts Point dacite 
is found throughout beaches in the Salish Sea, it continued to be used for tool manufacture 
but was acquired differently. Additional research on tool and material quality may further 
support this argument. 
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Chapter VI: Conclusions and Implications 
 
 As the research shows, native populations in the Salish Sea had access to numerous 
types of fine-grained volcanic (FGV) rocks to choose from for tool manufacture.  The 
artifacts made from these rocks came from at least 17 different sources, although most of 
these sources are still unknown. The only known source, Watts Point, continues to be found 
among artifact assemblages from the region; however, this research has now shown that 
“one material type, from a single source” (Bakewell 2005:9) did not dominate these 
assemblages. 
Four potential outcomes were hypothesized for the thesis research: 1) geologic 
samples from the same source should have the same chemical and mineral composition; 2) 
artifacts should have the same chemical and mineral composition as their source; 3) 
artifacts with similar chemical and mineral composition should all come from the same 
source and 4) using a mineralogical analysis should add further resolution to the 
geochemical delineation of a source.  In regards to the first three hypotheses the results 
show all samples that originated from the same source share a very similar chemical and 
mineralogical composition. 
 
Implications for Watts Point 
 The analysis presented in the previous chapter shows that Watts Point is a distinct 
source based not only on trace element composition but also whole rock major element 
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and mineralogical compositions (Figure 5.12 and Table 5.5).  In addition to this, it was 
shown that obtaining the whole rock major element composition of artifacts is crucial for 
accurate identification of their geologic source. As shown in sample 119, the trace element 
method misidentified its geologic source as Watts Point, BC.  The whole rock chemical data 
suggested this could not be true and after further discussion with Northwest Research 
Obsidian Studies Laboratory (NWROSL) it was removed from the Watts Point, BC samples.  
The trace element method is not comprehensive enough to delineate geologic sources 
when insufficient variability exists in trace elements between rock bodies. Whole rock 
chemical data, however, was crucial in identifying this sample as a possible 
misidentification. 
 This research has also identified that Watts Point dacite may not have been as 
readily available throughout the Salish Sea as previously thought, but instead, followed the 
extent of the Juan de Fuca lobe of the Cordilleran Ice Sheet making it less available east of 
the San Juan Islands.  Future research on the presence of Watts Point dacite on the cobble 
beaches of this area should clear this up. 
Was the Native Population Dependent on Watts Point for Their FGV Tool Stone? 
  This research identified that Watts Point was the geologic source for only 36% of the 
artifacts analyzed.  Although dacite was the preferred material (72% of all artifacts), Watts 
Point dacite is only represented in half of these artifacts, showing that the native population 
was not dependent on Watts Point as a source for their tool stone. 
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Is Watts Point Selected For? 
 The results of this research indicate that the use of Watts Point dacite may have 
been selected for during the Olcott/St. Mungo culture phases when direct procurement 
from a secondary source or trade was the likely strategy for obtaining quality raw materials.  
Later, when procurement strategies changed to an opportunistic approach, Watts Point 
dacite was not directly selected for by native people but was instead the result of its 
commonality on cobble beaches in the region.  As we know from Kwarsick’s (2010) 
research, Watts Point dacite is available throughout the region on cobble beaches (63% of 
tested cobbles).  The analysis I presented shows that Watts Point dacite was found in 
approximately 36% of all the artifacts tested and only about 50% of the dacite artifacts; 
showing that it is less common in archaeological sites than it is on local cobble beaches.  
 
Implications for Mount Baker and Glacier Peak 
One goal of this research was to fill the gap in research of FGV sourcing in the region. 
So far, the only known source for FGV artifacts found in the Salish Sea region is Watts Point, 
B.C.  In the past, samples from Mount Baker and Glacier Peak, two volcanoes similar in 
composition to Watts Point, had not been extensively geochemically compared to artifacts 
from the region.  Artifacts for this research were geochemically compared to five geologic 
samples from locations in and around Mount Baker and Glacier Peak.  None of the artifacts 
correlate to any of the six geologic samples collected from locations near Mount Baker and 
Glacier Peak. This, however, does not mean that Mount Baker and Glacier Peak are not the 
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source of any FGV artifacts on the coast.  More data needs to be compiled on the bedrock 
sources available at these volcanoes. Continued work with geologists from the region 
should help in ascertaining the presence of FGVs from the North Cascades in the 
archaeological record.  
 
Implications for Unknown FGV Sources 
Seven Unknown FGV sources were identified through trace element analysis for this 
research.  Twenty two artifacts were identified as originating from these “Unknown” FGV 
source groups; however, none of the locations from which geologic samples were collected 
during this investigation correlated to any of these Unknown FGV source groups.  In 
addition to this, ten artifacts were not similar enough in their trace element composition to 
relate them to known sources nor were they similar enough to relate them to any of the 
seven “Unknown FGV” groups identified. This indicates that as many as 17 new possible 
sources could exist for the FGV artifacts analyzed in this research.  Of course, this all 
depends on the variability in trace element composition between sources.  Since this 
research only included a small sampling of FGV artifacts, it is safe to assume there could be 
many more sources in the region. This is likely far more than anyone predicted and has 
implications for further FGV research in the region.  Greenough et al.’s (2004) research 
alone identified five sources of FGV rock available in a relatively small geographic area of 
the interior of British Columbia.  If as many as five sources are available in the interior of 
B.C., 17 more are found in only six sites from the Salish Sea and 16 geologic samples all 
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show different trace element compositions then it is realistic to assume there could be tens 
to hundreds more sources available in the Northwest and clearly not all of them are dacite. 
 
Value of a Mineralogical Approach to Sourcing FGV Artifacts 
The analysis performed on the mineralogical composition of three theorized sources 
led to the discovery that “Theorized Source 1” and Unknown FGV 1” likely come from the 
same geologic source, however that source has not been identified.  The goal of this thesis 
was to apply a mineralogical method, set forth by Greenough et al. (2004), to source FGV 
artifacts from the Northwest Coast in order to identify previously unknown geologic 
sources.  Although in each analysis no greater than 75.5% of artifacts were classified 
correctly it does suggest that this method can be useful once improved upon. One clear 
difference in the Greenough et al. (2004) method and the method proposed in this thesis is 
the degree to which an artifact was destroyed.  According to Greenough et al. (2004), 
artifacts were “prepared as ‘thick’ (0.3mm) thin sections” (p.713) essentially destroying the 
artifact.  Although the artifacts in this thesis were altered, the physical integrity of the 
artifact remained intact and only a small section on each artifact was altered.  Greenough et 
al. (2004) also focused on minerals much larger than the method set forth in this thesis (3 
mm-50 µm vs minerals within a 25 µm box). By following the method of data collection 
proposed herein but focusing instead on much larger minerals I believe this method will be 
greatly improved.  
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This research shows that a mineralogical approach is a good method for sourcing 
FGV rocks on the Northwest Coast.  Although some limitations of the method are identified, 
no method alone, including trace element analysis, is foolproof.  Trace element sourcing 
when used alone can misclassify some artifacts.  Sample 119 was misclassified as Watts 
Point, but when major element analysis was performed it showed this could not be the 
case. The method set forth in this research was capable of grouping artifacts by source 
composition even though the geographic location of the source is yet to be identified. 
 
Value of Whole Rock Major Element Analysis  
Dacitopia? 
As previously discussed, the informal visual assessment of and artifact’s material 
type had led to a problem in archaeology which I call “dacitopia”.  This however can be 
remedied through proper rock type identification through whole rock composition analysis. 
As the results of this research show many geologic sources of FGV materials were available 
to native populations on the Northwest Coast.  Although previously discussed in the 
literature as “dacite” (Bakewell 2005; Greenough 2004; Kwarsick 2010; Mallory-Greenough 
2002) these materials actually include a wide variety of FGV rocks (dacite, andesite, rhyolite, 
and trachydacite) showing there is more complexity to FGV artifact assemblages than 
previously thought. It is true that dacite was the primary FGV material of choice for the 
manufacture of flaked stone tools analyzed in this thesis (72.4%).  However, suitable 
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materials other than dacite were commonly used (27.6%) indicating that dacite was not 
selected for but is instead common on cobble beaches in the Salish Sea. 
On the basis of my research, I conclude that future attempts to source FGV artifacts 
should incorporate whole rock major element composition analysis in order to maximize 
the effectiveness of the methods to accurately delineate geologic sources.  Sourcing of FGV 
artifacts is still in its infancy on the Northwest Coast, and the inclusion of whole rock major 
element analysis should improve understanding of material procurement in the region. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
147 
 
References Cited 
 
Ackerman, Robert E. 
1992 Earliest Stone Industries on the North Pacific Coast of North America. Archaic 
Anthropology 29(2): 18-27. 
 
Ames, Christopher J.H., Andre Costopoulos and Colin D. Wren 
2010 8000 Years of Technological Change in the Gulf of Georgia: Is There a Major 
Transition at 4850 cal B.P.? Canadian Journal of Archaeology 34(1): 32-63. 
 
Ames, Kenneth M. 
1994 The Northwest Coast: Complex Hunter-Gatherers, Ecology, and Social 
Evolution. Annual Review of Anthropology 23: 209-229. 
 
Ames, Kenneth M. and Herbert Maschner 
1999 Peoples of the Northwest Coast: Their Archaeology and Prehistory. Thames and 
Hudson, London. 
 
Baedecker, Philip A. 
1987 Methods for Geochemical Analysis. United States Government Printing Office, 
Denver. 
 
Bakewell, Edward F. 
1996 Petrographic and Geochemical Source-Modeling of Volcanic Lithics from 
Archaeological Contexts: A Case Study from British Camp, San Juan Island, 
Washington.  Geoarchaeology: An International Journal  11(2):119-140.  
 
2005 The Archaeopetrology of Vitrophyric Toolstones, With Applications to 
Archaeology in the Pacific Northwest. Unpublished Ph.D. Dissertation, Department 
of Anthropology, University of Washington, Seattle. 
 
Bakewell, Edward F. and Anthony J. Irving 
1994 Volcanic Lithic Classification in the Pacific Northwest: Petrographic and 
Geochemical Analysis of Northwest Chipped Stone Artifacts. Northwest 
Anthropological Research Notes 28:29-37. 
 
Beget, James E. 
148 
 
1982a Postglacial Volcanic Deposits at Glacier Peak, Washington, and Potential 
Hazards from Future Eruptions. United States Geologic Survey Geological Survey, 
Open file report #82-830. 
 
 1982b Recent Volcanic Activity at Glacier Peak. Science 215(4538):1389-1390 
 
Bernatchez, Jocelyn A. 
2008 Geochemical Characerization of Archaeological Ochre at Nelson Bay Cave 
(Western Cape Province), South Africa. The South African Archaeological Bulletin, 
63(187):3-11. 
 
Blodgett, Mary E. 
1976 Cherry Point: A Strait of Georgia Fishing Station. Unpublished Master’s Thesis, 
Department of Anthropology, Western Washington University, Bellingham. 
 
Bye, A., B.R. Edwards, and C.J. Hickson 
2000 Preliminary Field, Petrographic and Geochemical Analysis of Possible 
Subglacial, Dacitic Volcanism at Watts Point Volcanic Centre, Southwestern British 
Columbia. Geologic Survey of Canada, Current Research 2000-A20. 
 
 
Campbell, Sarah K, Diana Barg, Brett N. Meidinger, and Todd A. Koetje 
2010 Report of 2005 Field Investigations at Woodstock Farm, Chuckanut Bay, 
Washington. Unpublished report, conducted under permit #05-11. Department of 
Anthropology, Western Washington University, Bellingham. 
 
Chatters, James C., Jason B. Cooper, Philippe D. Letourneau and Laura C. Rooke 
2011 Understanding Olcott: Data Recovery at 45SN28 and 45SN303 Snohomish 
County, Washington. Unpublished report, by AMEC Earth and Environmental, 
Bothell, Washington for Granite Falls Alternate Route Project, Department of Public 
Works, Snohomish County, Washington. 
 
Claassen, Cheryl and Samuella Sigmann 
1993 Sourcing Busycon Artifacts of the Eastern United States. American Antiquity 
58(2):333-347. 
 
Dello-Russo, Robert D. 
149 
 
2004 Geochemical Comparisons of Silicified Rhyolites from Two Prehistoric Quarries 
and 11 Prehistoric Projectile Points, Socorro County, New Mexico, U.S.A. 
Geoarchaeology: An International Journal 19(3):237-264.  
 
Donald, Judy L 
1995 A Technological and Functional Examination of the Slate Industry at the Cherry 
Point Site (45WH1). Unpublished Master’s Thesis, Department of Anthropology, 
Western Washington University, Bellingham. 
 
Deer, W. A., R. A. Howie and J. Zussman 
 1962 Rock Forming Minerals. 5 vols. John Wiley and Sons Inc., New York. 
 
 1997 Rock Forming Minerals. 5 vols. The Geological Society. London. 
 
Dragovich, Joe D., Gary T. Petro, Gerald W. Thorsen, Sarah L. Larson, Gregory R. Foster, and 
David K. Norman 
2005 Geologic Map of the Oak Harbor, Crescent Harbor, and Part of the Smith Island 
7.5-Minute Quadrangles, Island County, Washington. Washington State Department 
of Natural Resources. 
 
Durst, Jeffery J. 
2009 Sourcing Gunflints to Their Country of Manufacture. Historical Archaeology 
43(2):18-29 
 
Eerkens, Jelmer W., Jeffery R. Ferguson, Michael D. Glascock, Craig E. Skinner and Sharon A. 
Waechter 
2007 Reduction Strategies and Geochemical Characterization of Lithic Assemblages: 
A Comparison of Three Case Studies from Western North America. American 
Antiquity 72(3):585-597. 
 
Ellis, Elizabeth A. 
2007 Clay Technologies in the Southern Northwest Coast Region: A Case Study from 
the Ferndale (45WH34) Archaeological Site. Unpublished Master’s Thesis, 
Department of Anthropology, Western Washington University, Bellingham. 
 
Emerson, Thomas E. and Randall E. Hughes 
150 
 
2000 Figurines, Flint Clay Sourcing, the Ozark Highlands, and Cahokian Acquisition. 
American Antiquity 65(1):79-101. 
 
Ericson, Jonathon E., Timothy A. Hagan and Charles W. Chesterman 
1976 Prehistoric Obsidian in California II: Geologic and Geographic Aspects. In 
Advances in Obsidian Glass Studies: Archaeological and Geochemical Perspectives, 
edited by R.E. Taylor, pp. 218-239. Noyes Press, Park Ridge, New Jersey. 
 
Gaston, Jeannette L. 
1975 The Extension of the Fraser Delta Cultural Sequence into Northwest 
Washington. Unpublished Master’s Thesis, Department of Anthropology, Western 
Washington University, Bellingham. 
 
Gillis, Nicole A. 
2007 An Investigation of Charles Culture Housepit Deposits at the Ferndale Site 
(45WH34). Unpublished Master’s Thesis, Department of Anthropology, Western 
Washington University, Bellingham. 
 
Goldstein, Joseph I., Charles E. Lyman, Dale E. Newbury, Eric Lifshin, Patrick Echlin, Linda 
Sawyer, David C. Joy and Joseph R. Michael 
2003 Scanning Electron Microscopy and X-ray Microanalysis. 3rd ed. Kluwer 
Academic/Plenum Publishers, New York.  
 
Grabert, Garland F 
1979 Pebble Tools and Time Factoring. Canadian Journal of Archaeology 3:165-175. 
 
1988 Prehistoric and Historic Land Use of Cherry Point, Ferndale Washington. 
Unpublished report. Department of Anthropology, Western Washington University, 
Bellingham 
 
1983 Ferndale in Prehistory: Archaeological Investigations in the Lower and Middle 
Nooksack Valley. Occasional Paper #19, Center for Pacific Northwest Studies. 
Western Washington University, Bellingham.  
 
Grabert, Garland, Jackie A. Cressman and Anne Wolverton 
151 
 
1978 Prehistoric Archaeology at Semiahmoo Spit, Washington: A Report on Salvage 
Archaeology at 45WH17. Unpublished report conducted under contract# C530-695-
02. Department of Anthropology, Western Washington University, Bellingham. 
 
Green, N.L., R.L Armstrong, J.E. Harakal, J.G. Souther, and P.B. Read 
1988 Eruptive History and K-Ar Geochronology of the Late Cenozoic Garibaldi 
Volcanic Belt, Southwestern British Columbia. Geological Society of America Bulletin, 
100:563-567. 
 
Greenough, John D., Leanne M. Mallory-Greenough, and James Baker 
2004 Orthopyroxene, Augite, and Plagioclase Compositions in Dacite: Application to 
Bedrock Sourcing of Lithic Artefacts in Southern British Columbia. Canadian Journal 
of Earth Science 41:711-723. 
 
Hedlund, Gerald 
1968 Archaeological Sites in Deception Pass State Park. Unpublished report, 
WISAARD. 
 
Hermes, Don O. and D. Ritchie 
1997 Nondestructive Trace Element Analysis of Archaeological Felsite by Energy-
Dispersive X-ray Fluorescence Spectrometry. Geoarchaeology: An International 
Journal 12(1):31-40 
 
Hicks, Brent A. 
1991 Interpreting the Role of Microblades in Northwest Cast Aboriginal Sites. 
Unpublished Master’s Thesis, Department of Anthropology, Western Washington 
University, Bellingham. 
 
Hildreth, Wes, Judy Fierstein and Marvin Lanphere 
2003 Eruptive History and Geochronology of the Mount Baker Volcanic Field, 
Washington. GSA Bulletin 115(6):729-764). 
 
Hughes, Richard E. (editor) 
1984 Contributions of the University of California Archaeological Research Facility: 
Obsidian Studies in the Great Basin. University of California, Berkeley.  
 
Hutchings, Richard M. 
152 
 
2004 Mid-Holocene River Development and South-Central Pacific Northwest Coast 
Prehistory: Geoarchaeology of the Ferndale Site (45WH34) Nooksack River, 
Washington. Unpublished Master’s Thesis, Department of Anthropology, Western 
Washington University, Bellingham. 
 
Jack, Robert N. 
1976 Prehistoric Obsidian in California I: Geochemical Aspects. In Advances in 
Obsidian Glass Studies: Archaeological and Geochemical Perspectives, edited by R.E. 
Taylor, pp. 183-217. Noyes Press, Park Ridge, New Jersey. 
 
Kwarsick, Kimberly C. 
2010 Lithic Raw Material Procurement and the Technological Organization of 
Olympic Peninsula Peoples. Unpublished Master’s Thesis, Department of 
Anthropology, Washington State University, Pullman. 
 
Le Bas, M.J  and Streckeisen, A.L. 
1991. The IUGS Systematics of Igneous Rocks. Journal of the Geologic Society 148: 
825-833. 
 
Lewis, Ian  
2013 Clusterluck: Analysis of Occupation Areas to Determine Site Type at Locarno 
Beach Phase (3500-2400) Site 45WH55, Chuckanut Bay, Washington. Unpublished 
Master’s Thesis, Department of Anthropology, Western Washington University, 
Bellingham. 
 
Lundblad, S.P., P.R. Mills and K. Hon 
2007 Analyzing Archaeological Basalt Using Non-Destructive Energy-Dispersive X-ray 
Fluorescence   (EDXRF): Effects of Post-Depositional Chemical Weathering and 
Sample Size on Analytical Precision. Archaeometry 50:1-11. 
 
Mallory-Greenough, Leanne M. and John D. Greenough 
2004 Whole-Rock Trace Element Analysis Applied To the Regional Sourcing of 
Ancient Basalt Vessels from Egypt and Jordan. Canadian Journal of Earth Sciences 41: 
699-709. 
 
Mallory-Greenough, Leanne M., James Baker, and John D. Greenough 
153 
 
2002 Preliminary Geochemical Fingerprinting of Dacite Lithic Artifacts from the 
British Columbia Interior Plateau. Canadian Journal of Archaeology 26:41-61. 
 
Mallory-Greenough, Leanne M., John D. Greenough, and J. Victor Owen 
2000 The Origin and Use of Basalt in Old Kingdom Funerary Temples. 
Geoarchaeology: An International Journal 15(4):315-330. 
 
Mather, Camille A. 
2009 Locarno Beach Period (3500-2400 BP) Settlement and Subsistence in the Gulf 
of Georgia Region: A Case Study from Site 45SK46, Deception Pass, Washington. 
Unpublished Master’s Thesis, Department of Anthropology, Western Washington 
University, Bellingham. 
 
Mastin, Larry and Richard Waitt 
2000 Glacier Peak – History and Hazards of a Cascade Volcano. United State Geologic 
Survey, Fact Sheet #058-00.  
 
Matson, R. G. 
1976 The Glenrose Cannery Site. National Museum of Man, Mercury Series, 
Archaeological Survey of Canada, No. 52, Ottawa. 
 
1992 The Evolution of Northwest Coast Subsistence. In Research in Economic 
Anthropology Sup. 6 Long-Term Subsistence Change in Prehistoric North America, 
eds. Dale R. Croes, Rebecca A. Hawkins and Barry L. Isaac. JAI Press Inc., Greenwich, 
Connecticut.  
 
Matson, R. G. and Gary Coupland 
 1995 The Prehistory of the Northwest Coast. Academic Press, San Diego. 
 
Markham, M. Virginia 
1993 A Historic Euroamerican Fish Camp at Cherry Point (45WH1). Unpublished 
Master’s Thesis, Department of Anthropology, Western Washington University, 
Bellingham. 
 
Mierendorf, Robert R. 
1986 People of the North Cascades. Unpublished report, National Park Service, 
Pacific Northwest Region, Seattle 
154 
 
 
1993 Chert Procurement in the Upper Skagit River Valley of the Northern Cascade 
Range, Ross Lake National Recreation Area, Washington. Unpublished report, 
National Park Service, Pacific Northwest Region, Seattle. 
 
Meirendorf, Robert R., David J. Harry and Gregg M. Sullivan 
1998 An Archeological Site Survery and Evaluation in the Upper Skagit River Valley, 
Whatcom County, Washington. Unpublished report, North Cascades National Park 
Service Complex, Sedro Wooley, WA. 
 
Mitchell, Donald H.  
1971 Archaeology of the Gulf of Georgia Area, a Natural Region and its Culture 
Types. Syesis 4: Supplement 1. 
 
Mills, Peter R., Steven P. Lundblad, Jacob G. Smith, Patrick C. McCoy and Sean P. Naleimaile 
2008 Science and Sensitivity: A Geochemical Characterization of the Mauna Kea 
Adze Quarry Complex, Hawaii Island, Hawaii. American Antiquity 73(4):743-758. 
 
Montgomery, Keith R. 
1979 Prehistoric Settlements of Sumas Valley, Washington. Unpublished Master’s 
Thesis, Department of Anthropology, Western Washington University, Bellingham. 
 
Nelson, Fred W. Jr. 
1984 X-Ray Fluorescence Analysis of Some Western North American Obsidians. In 
Contributions of the University of California Archaeological Research Facility: 
Obsidian Studies in the Great Basin, edited by Richard E. Hughes, pp. 27-62. 
Archaeological Research Facility, University of California, Berkeley.  
 
Northwest Research Obsidian Studies Laboratory 
2011 Washington Fine-Grained Volcanic (FGV) Toolstone Source Catalog. Electronic 
document, http://www.obsidianlab.com/fgv/fgv_catalog_wa.html, accessed March 
15, 2011.  
 
2014 British Columbia Fine-Grained Volcanic (FGV) Toolstone Source Catalog. 
Electronic document, http://www.obsidianlab.com/fgv/fgv_catalog_canada.html, 
accessed April 23, 2014 
 
155 
 
Page, David J. 
2008 Fine-Grained Volcanic Toolstone Sources and Early Use in the Bonneville Basin 
of Western Utah and Eastern Nevada. Unpublished Master’s Thesis, Department of 
Anthropology, University of Nevada, Reno. 
 
Pierce, Shona D. 
2011 Bivalve Growth-Stages as a Measure of Harvesting Intensity: Application on the 
Southern Northwest Coast. Unpublished Master’s Thesis, Department of 
Anthropology, Western Washington University, Bellingham. 
 
Press, Frank and Raymond Siever 
 1998 Understanding Earth 2nd ed. W.H. Freeman and Company, New York. 
 
Richardson, Allan and Brent Galloway 
2011 Nooksack Place Names: Geography, Culture, and Language. UBC Press, 
Vancouver. 
 
Ridel, J.L.  
2007 Early Fraser Glacial History of the Skagit Valley, Washington. In Floods, Faults 
and Fire: Geological Field Trips in Washington State and Southwest British Columbia 
edited by Pete Stelling and David S. Tucker pp. 57-82. Geological Society of America 
Field Guide 9. 
 
Rorabaugh, Adam N. 
2009 Barbed Bone and Antler Technologies: Cultural Transmission and Variation in 
the Gulf of Georgia, Northwest North America.  Unpublished Master’s Thesis, 
Department of Anthropology, Western Washington University, Bellingham. 
 
Ruby, Robert H. and John A. Brown 
1986 A Guide to the Indian Tribes of the Pacific Northwest. University of Oklahoma 
Press, Norman. 
 
Schuster, Katrina and Davina Miller 
2011 Mapping and Spatial Analyses at 45WH4. Poster presented at the 2011 
Scholars Week at Western Washington University, Bellingham. 
 
Severin, Kenneth P. 
156 
 
2004 Energy Dispersive Spectrometry of Common Rock Forming Minerals. Kluwer 
Academic Publishers, Dordrecht.  
 
Skinner, Craig E. 
1983 Obsidian Studies in Oregon: An Introduction to Obsidian and An Investigation 
of Selected Method of Obsidian Characterization Utilizing Obsidian Collected at 
Prehistoric Quarry Sites in Oregon. Unpublished Master’s Thesis, Department of 
Interdisciplinary Studies, University of Oregon, Eugene.  
 
Sobel, Elizabeth A. 
2012 An Archaeological Test of the “Exchange Expansion Model” of Contact Era on 
the Northwest Coast. Journal of Anthropological Archaeology 31:1-12. 
 
Suttles, Wayne P.   
1951 The Economic Life of the Coast Salish of Haro and Rosario Straits. 
Unpublished Ph.D dissertation, Department of Anthropology, University of 
Washington, Seattle. 
 
1990 Central Coast Salish. In Northwest Coast edited by Wayne Suttles pp. 453-475. 
Handbook of North American Indians, Vol. 7, William C. Sturtevant, general editor, 
Smithsonian Institution, Washington D.C. 
 
Stavert, Larry W. 
1971 A Geochemical Reconnaissance Investigation of Mount Baker Andesites. 
Unpublished Master’s Thesis, Western Washington State College, Bellingham. 
 
Tabor, Roland and Ralph Haugerud 
1999 Geology of the North Cascades: A Mountain Mosaic. The Mountaineers, 
Seattle. 
 
Taylor, Amanda K. 
2012 Creating and Transcending Territorial Boundaries in Late Holocene Pacific 
Coast Communities. Unpublished PhD dissertation, Department of Anthropology, 
University of Washington, Seattle. 
 
Taylor, R. E. (editor) 
 1976 Advances in Obsidian Glass Studies. Noyes Press, Park Ridge, New Jersey. 
157 
 
 
Tucker, David S. 
2004 Geology and Eruptive Hitory of Hannegan Caldera, North Cascades, 
Washington. Unpublished Master’s Thesis, Geology Department, Western 
Washington University, Bellingham.  
 
Waitt, Richard B., Larry G. Mastin and James E. Beget 
1995 Volcanic-Hazard Zonation for Glacier Peak Volcano, Washington. . United 
States Geologic Survey Geological Survey, Open file report #95-499. 
 
Wood, Charles A. and Scott Baldridge 
1990 Western United States. In  Volcanoes of North America: United States and 
Canada eds. Charles A. Wood and Jurgen Kienle, Cambridge University Press, 
Cambridge.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
158 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix A: Sample Catalog 
159 
 
Specimen 
Catalog 
Number 
Location/Site 
Number 
Cut/Unit Level 
(cmbs) 
Corresponding 
Catalog/ 
Artifact/Bag 
Number 
Material Type Artifact 
Y/N 
Alterations Comments 
24 45WH34 S1W5 40-60 2089 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
25 45WH34 S1W5 40-60 2090 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
26 45WH34 S1W5 40-60 2092 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
27 45WH34 S1W5 40-60 2093 Dacite Y Small area smoothed with 
Dremel® and coated  
with palladium  
 
28 45WH34 S1W5 40-60 2094 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
29 45WH34 S1W5 40-60 2095 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
30 45WH34 S1W7 20-40 2141 Not FGV Y Small area smoothed with 
Dremel®  and coated  
with palladium  
 
31 45WH34 S1W7 20-40 2145 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
32 45WH34 S1W7 20-40 2146 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
33 45WH34 S1W7 20-40 108 Dacite Y Small area smoothed with 
Dremel®  and coated  
with palladium  
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34 45WH34 S1W3 40-60 2067 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
35 45WH34 S1W3 40-60 2069 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
36 45WH34 S1W3 40-60 2071 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
37 45WH34 S1W3 40-60 2068 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
38 45WH34 S1W2 100-120 2056  Y  TOO LARGE FOR 
SEM 
39 45WH34 S1W6 60-80 257 Trachydacite Y Small area smoothed with 
Dremel®  and coated  
with palladium  
 
40 45WH34 S1W6 60-80 281  Y  TOO LARGE FOR 
SEM 
41 45WH34 S1W6 60-80 288  Y  TOO LARGE FOR 
SEM 
42 45WH34 S1W6 60-80 2116 Dacite Y Small area smoothed with 
Dremel®  and coated  
with palladium  
 
43 45WH34 S1W6 60-80 2117 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
44 45WH34 S1W6 60-80 2119 Dacite Y Small area smoothed with 
Dremel®  and coated  
with palladium  
 
45 45WH34 S1W6 60-80 2122 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
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46 45WH34 S1W6 60-80 2115 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
47 45WH34 S1W6 60-80 2120 Dacite Y Small area smoothed with 
Dremel®  and coated  
with palladium  
 
48 45WH34 S1W6 60-80 2121 Dacite Y Small area smoothed with 
Dremel®  and coated  
with palladium  
 
49 45SK46 N5E0 Lev 3  
Sub 4 
28cm 
797 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
50 45SK46 N5E0 Lev 5  
Sub 1 
50cm 
839 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
51 45SK46 N5E0 Lev 6  
Sub 2 
65cm 
859 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
52 45SK46 N5E0 Lev 7  
Sub 3 
1919 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
53 45SK46 N5W9 Lev 1 
40cm 
1196 Dacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
54 45SK46 N5W9 Lev 2  
Sub 1 
1210 Trachydacite Y Small area smoothed with 
sanding wheel and coated 
with palladium 
 
55 45SK46 N5W9 Lev 3 or 
4 82cm 
1243 Dacite Y Small area smoothed with 
Dremel®  and coated  
with palladium  
 
56 45SK46 N4W9 Lev 4  
Sub 6 
1289 Dacite Y Small area smoothed with 
Dremel®  and coated  
with palladium  
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57 45SK46 N4E0 Feat. 29 
74cm 
1190 Dacite Y Small area smoothed with 
Dremel®  and coated  
with palladium  
 
58 45SK46 N4W8 Lev 7  
Sub 4 
92.3cm 
175 Not FGV Y Small area smoothed with 
Dremel®  and coated  
with palladium  
 
59 45SK46 N4W8 Lev 5 
57cm 
223 Not FGV Y Small area smoothed with 
Dremel®  and coated  
with palladium  
 
60 45SK46 N4W8 Lev 5  
Sub 3 
63cm 
229 Dacite Y Small area smoothed with 
Dremel®  and coated  
with palladium  
 
61 45SK46 N4W8 Lev 7  
Sub 1 
292 Andesite Y Small area smoothed with 
Dremel®  and coated  
with palladium  
 
62 45WH55 E977N972 Lev 3  
Sub 1 
1337 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
63 45WH55 E977N973 Lev 2  
Sub 2 
2655 Andesite Y No smoothing; coated 
with gold and palladium 
 
64 45WH55 E977N973 Lev 2  
Sub 1 
2642 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
65 45WH55 E977N973 Lev 2  
Sub 1 
2644 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
66 45WH55 E987N1007 Lev 1 
Sub 5 
1815 Trachydacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
67 45WH55 E987N1008 Lev 3  
Sub 2 
754 Dacite Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
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68 45WH55 E987N1008 Lev 3  
Sub 2 
771 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
69 45WH55 E987N1008 Lev 3  
Sub 3 
770 Trachydacite/ 
Dacite/ 
Andesite 
Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
70 45WH55 E987N1008 Lev 3 
 Sub 4 
781 Dacite Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
 
71 45WH55 E987N1008 Lev 3  
Sub 2 
751 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
72 45WH55 E987N1008 Lev 3  
Sub 4 
1077 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
73 45WH55 E987N1008 Lev 3  
Sub 5 
801 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
74 45WH55 E987N1008 Lev 3  
Sub 4 
Fea. 4 
795 Rhyolite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
75 45WH55 E984N976 Lev 2  
Sub 1 
1450 Rhyolite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
76 45WH55 E983N977 Lev 2  
Sub 2 
131 Trachydacite Y No smoothing; coated 
with gold and palladium 
 
77 45WH55 E983N977 Lev 2  
Sub 2 
132 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
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78 45WH55 E982N976 Lev 2  
Sub 1 
182 Rhyolite Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
Likely refits to 
cat#201 
(Osiensky catalog 
#79) 
79 45WH55 E982N976 Lev 1  
Sub 3 
201 Dacite Y No smoothing; coated 
with gold and palladium 
Likely refits with 
catalog #182 
(Osiensky catalog 
#78) 
80 45WH55 E982N976 Lev 2  
Sub 1 
230 Dacite Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
 
81 45WH55 E982N976 Lev 2  
Sub 1 
238 Not FGV Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
 
82 45WH55 E982N976 Lev 2  
Sub 1 
223 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
83 45WH55 E982N976 Lev 2  
Sub 1 
218 Dacite Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
 
84 45WH55 E982N976 Lev 2  
Sub 1 
228 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
85 45WH55 E982N976 Lev 2  
Sub 1 
212 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
86 45WH55 E982N976 Lev 2  
Sub 3 
254 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
87 45WH1 S2W4 40-60 4156 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
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88 45WH1 S4W4 100-120 4161 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
89 45WH1 S1W10 60-80 4405 Not FGV Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
 
90 45WH1 S1W10 60-80 943 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
91 45WH1 S2E1 80-100 4398 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
92 45WH1 S4E1 40-60 4141 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
93 45WH1 S4E1 40-60 4142 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
SiO2 very high 
(83%) 
94 45WH1 S1E1 40-60 53 Rhyolite Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
Biface 
95 45WH1 S22E29 80-100 4072 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
96 45WH1 S21E29 80-100 4257 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
97 45WH1 S21E29 80-100 4259 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
98 45WH1 S21E29 80-100 3201  Y  TOO LARGE FOR 
SEM 
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99 45WH1 S1W9 - 4419 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Level unknown 
100 45WH1 S1W9 - 4387 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Level unknown 
101 45WH1 S24E29 80-100 3283 CCS Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
1 Lev below date 
102 45WH1 S24E29 80-100 4001 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
1 Lev below date 
103 45WH1 S24E29 80-100 4003 CCS Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
1 Lev below date 
104 45WH1 S24E29 80-100 4011 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
1 Lev below date 
105 45WH1 S24E29 60-80 4058 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
106 45WH1 S24E29 60-80 3211 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
107 45WH1 S24E29 60-80 3216 CCS Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Chert 
108 45WH1 S24E29 60-80 4052 Not FGV Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
 
109 45WH1 S24E29 60-80 4053 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
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110 45WH1 S24E29 60-80 3214 Dacite Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
Biface 
111 45WH1 S24E29 80-100 3288 Dacite Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
Biface 
112 45WH4 S7W1 20-30 2945 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
113 45WH4 S7W1 20-30 2944 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
114 45WH4 S7W1 20-30 2946 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
115 45WH4 S7W1 20-30 2947 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
116 45WH4 S7W1 20-30 2948 Rhyolite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
117 45WH4 S7W1 20-30 2949 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
118 45WH4 S7W1 30-40 2951 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
119 45WH4 S7W1 30-40 2952 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
120 45WH4 S7W1 30-40 2953 Dacite Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
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121 45WH4 S7W1 30-40 2954 Rhyolite Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
 
122 45WH4 S7W1 40-50 2955 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
123 45WH4 S7W1 40-50 2956 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
124 45WH4 S7W1 50-60 2957 Andesite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
125 45WH4 S7W1 50-60 2958 Rhyolite Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
 
126 45WH4 S7W1 60-70 2959 Rhyolite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
127 45WH4 N1E9 20-30 2936 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
128 45WH4 N1E9 20-30 2937 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
  
129 45WH4 N1E9 20-30 2938 Not FGV Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
 
130 45WH4 N1E9 20-30 2939 Rhyolite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
131 45WH4 N1E9 20-30 2940 Rhyolite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
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132 45WH4 N1E9 20-30 2941 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
133 45WH4 N1E9 20-30 2942 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
134 45WH4 N1E9 20-30 2943 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
135 45WH4 N1E9 20-30 2960 Rhyolite Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
 
136 Watts Point    Dacite N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Whitney Osiensky 
on Sept 3, 2011 
137 Suiattle River  
N48.27440 
W121.39100 
   Rhyolite N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Whitney Osiensky 
on Nov 12, 2011 
138 45WH17 S17W5 180-190 2475 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
139 45WH17  S17W5 180-190 2474 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
140 45WH17 S18E6 70-80 2476 Not FGV Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
141 45WH17 S18E6 70-80 1045 Rhyolite Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
 
142 45WH17 S18E6 148-150 1454 Dacite Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
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143 45WH17 S40W17 +10-0 1059  Y  TOO LARGE FOR 
SEM 
144 45WH17 S5E1 - 2473 Andesite Y Small area smoothed with 
Dremel®  and coated with 
gold and palladium 
 
145 45WH17 S26W7 60-70 669 Rhyolite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Dave Tucker 
146 Mt. Baker  
H.C. 57 
   Rhyolite N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Dave Tucker 
147 Mt. Baker  
H.C. 4 
   Rhyolite N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
 
148 Suiattle River 
N48.27440 
W121.39100  
  From bag 1 Basaltic 
Andesite/ 
Andesite 
N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Whitney Osiensky 
on Nov 12, 2011 
149 Dacite of 
Nooksack Falls 
   Dacite N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Julie Gross in 
Summer 2011 
150 Watts Point 
N49.65052 
W123.20728  
  From bag 2 Dacite N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Whitney Osiensky 
on Sept 3, 2011 
151 Salt Creek Park   From bag 3 Rhyolite N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Sarah Campbell in 
Fall 2011 
152 Salt Creek Park   From bag 4 Dacite N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Sarah Campbell in 
Fall 2011 
153 Watts Point   From bag 5 Dacite N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Whitney Osiensky 
on Sept 3, 2011 
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154 Watts Point   From bag 6 Dacite N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Whitney Osiensky 
on Sept 3, 2011 
155 Skagit River  
N48.53158 
W121.72157   
  From bag 7 Andesite N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample collected by 
Whitney Osiensky 
on Nov 12, 2011 
156 Suiattle River 
N48.27440 
W121.39100  
  From bag 8A Basaltic 
Andesite 
N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Whitney Osiensky 
on Nov 12, 2011 
157 Suiattle River 
N48.27440 
W121.39100  
  From bag 8 Rhyolite N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Whitney Osiensky 
on Nov 12, 2011 
158 Skagit River 
N48.53506  
W121.73512  
  From bag 9 Dacite N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Whitney Osiensky 
on Nov 12, 2011 
159 Watts Point 
N49.66034 
W123.203710  
  From bag 10 Dacite N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Whitney Osiensky 
on Sept 3, 2011 
160 Keystone Beach   From 
Kwarsick- 
NWROSL 
sample 
number 26 
Trachydacite/
Dacite/ 
Andesite 
N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Kim Kwarsick and 
given to Whitney 
Osiensky in Winter 
2012.  
Sourced by 
Kwarsick: Not Watts 
Point 
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161 Keystone Beach   From 
Kwarsick- 
NWROSL 
sample 
number 27 
Dacite N Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample Collected by 
Kim Kwarsick and 
given to Whitney 
Osiensky in Winter 
2012.  
Sourced by 
Kwarsick: Not Watts 
Point 
162 45WH300   NOCA # 10788 Rhyolite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample from site in 
North Cascades 
National Park 
163 45WH300   NOCA # 10803 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample from site in 
North Cascades 
National Park 
164 I.F. # 95   NOCA # 16539 Rhyolite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Biface. 
Sample from site in 
North Cascades 
National Park 
165 F.S. 295   NOCA # 5289 Dacite Y Small area smoothed with 
sanding wheel and coated 
with gold and palladium 
Sample from site in 
North Cascades 
National Park 
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Appendix B: SEM Images of Samples 
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Osiensky Catalog # 24: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 25: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 26: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 27: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 28: Bulk 2.5mm (above); Grains 24.9um (below) 
179 
 
 
Osiensky Catalog # 29: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 30: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 31: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 32: Bulk 2.5mm (above); Grains 25.1um (below) 
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Osiensky Catalog # 33: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 34: Bulk 2.5mm (above); Grains 25.1um (below) 
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Osiensky Catalog # 35: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 36: Bulk 2.01mm (above); Grains 25.1um (below) 
187 
 
 
Osiensky Catalog # 37: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 39: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 42: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 43: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 44: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 45: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 46: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 47: Bulk 2.5mm (above); Grains 25.0um (below) 
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 Osiensky Catalog # 48: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 49: Bulk 2.5mm (above); Grains 25.1um (below) 
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Osiensky Catalog # 50: Bulk 2.5mm; No grains taken, not FGV 
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Osiensky Catalog # 51: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 52: Bulk 1.99mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 53: Bulk 2.5mm (above); Grains 25.1um (below) 
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Osiensky Catalog # 54: Bulk 1.99mm (above); Grains 25.0um (below) 
202 
 
 
Osiensky Catalog # 55: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 56: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 57: Bulk 2.5mm (above); Grains 25.1um (below) 
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Osiensky Catalog # 58: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 59: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 60: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 61: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 62: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 63: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 64: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 65: Bulk 2.5mm (above); Grains 25.1um (below) 
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Osiensky Catalog # 66: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 67: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 68: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 69: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 70: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 71: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 72: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 73: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 74: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 75: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 76: Bulk 1.99mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 77: Bulk 2.5mm; No grains taken, not FGV 
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Osiensky Catalog # 78: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 79: Bulk 1.99mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 80: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 81: Bulk 2.5mm; No grains taken, not FGV 
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Osiensky Catalog # 82: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 83: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 84: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 85: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 86: Bulk 2.01mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 87: Bulk 2.5mm; No grains taken, not FGV 
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Osiensky Catalog # 88: Bulk 2.5mm; No grains taken, not FGV 
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Osiensky Catalog # 89: Bulk 2.5mm; No grains taken, not FGV 
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Osiensky Catalog # 90: Bulk 2.5mm; No grains taken, not FGV 
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Osiensky Catalog # 91: Bulk 2.5mm; No grains taken, not FGV 
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Osiensky Catalog # 92: Bulk 2.5mm (above); Grains 25.0um (below) 
240 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Osiensky Catalog # 93: Bulk 2.5mm; No grains taken, not FGV 
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Osiensky Catalog # 94: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 95: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 96: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 97: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 99: Bulk 2.5mm (above); Grains 25.0um (below) 
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Osiensky Catalog # 100: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 101: Bulk 2.5mm; No grains taken, not FGV 
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Osiensky Catalog # 102: Bulk 2.5mm (above); Grains 24.9um (below) 
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Osiensky Catalog # 103: Bulk 2.5mm; No grains taken, not FGV 
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Osiensky Catalog # 104: Bulk 2.5mm (above); Grains 24.9um (below) 
251 
 
 
Osiensky Catalog # 105: Bulk 2.5mm (above); Grains 24.9um (below) 
252 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Osiensky Catalog # 106: Bulk 2.5mm; No grains taken, not FGV 
253 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Osiensky Catalog # 107: Bulk 2.5mm; No grains taken, not FGV 
254 
 
 
Osiensky Catalog # 108: Bulk 2.5mm (above); Grains 25.0um (below) 
255 
 
 
Osiensky Catalog # 109: Bulk 2.5mm (above); Grains 24.9um (below) 
256 
 
 
Osiensky Catalog # 110: Bulk 2.5mm (above); Grains 25.0um (below) 
257 
 
 
Osiensky Catalog # 111: Bulk 2.5mm (above); Grains 25.0um (below) 
258 
 
 
Osiensky Catalog # 112: Bulk 2.5mm (above); Grains 24.9um (below) 
259 
 
 
Osiensky Catalog # 113: Bulk 2.5mm (above); Grains 24.9um (below) 
260 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
Osiensky Catalog # 114: Bulk 2.5mm; No grains taken, not FGV 
261 
 
 
Osiensky Catalog # 115: Bulk 2.5mm (above); Grains 25.1um (below) 
262 
 
 
Osiensky Catalog # 116: Bulk 2.5mm (above); Grains 25.0um (below) 
263 
 
 
Osiensky Catalog # 117: Bulk 2.5mm (above); Grains 25.1um (below) 
264 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Osiensky Catalog # 118: Bulk 2.5mm; No grains taken, not FGV 
265 
 
 
Osiensky Catalog # 119: Bulk 2.5mm (above); Grains 25.1um (below) 
266 
 
 
Osiensky Catalog # 120: Bulk 2.5mm (above); Grains 25.0um (below) 
267 
 
 
Osiensky Catalog # 121: Bulk 2.5mm (above); Grains 24.9um (below) 
268 
 
 
Osiensky Catalog # 122: Bulk 2.5mm (above); Grains 25.1um (below) 
269 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
Osiensky Catalog # 123: Bulk 2.5mm; No grains taken, not FGV 
270 
 
 
Osiensky Catalog # 124: Bulk 2.0mm (above); Grains 24.9um (below) 
271 
 
 
Osiensky Catalog # 125: Bulk 2.5mm (above); Grains 24.9um (below) 
272 
 
 
Osiensky Catalog # 126: Bulk 2.5mm (above); Grains 24.9um (below) 
273 
 
 
Osiensky Catalog # 127: Bulk 2.5mm (above); Grains 25.1um (below) 
274 
 
 
Osiensky Catalog # 128: Bulk 2.5mm (above); Grains 24.9um (below) 
275 
 
 
Osiensky Catalog # 129: Bulk 2.5mm (above); Grains 24.9um (below) 
276 
 
 
Osiensky Catalog # 130: Bulk 1.99mm (above); Grains 25.0um (below) 
277 
 
 
Osiensky Catalog # 131: Bulk 2.5mm (above); Grains 24.9um (below) 
278 
 
 
Osiensky Catalog # 132: Bulk 2.5mm (above); Grains 24.9um (below) 
279 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
Osiensky Catalog # 133: Bulk 2.5mm; No grains taken, not FGV 
280 
 
 
Osiensky Catalog # 134: Bulk 2.5mm (above); Grains 25.1um (below) 
281 
 
 
Osiensky Catalog # 135: Bulk 2.5mm (above); Grains 25.0um (below) 
282 
 
 
Osiensky Catalog # 136: Bulk 2.5mm (above); Grains 24.9um (below) 
283 
 
 
Osiensky Catalog # 137: Bulk 2.5mm (above); Grains 25.0um (below) 
284 
 
 
Osiensky Catalog # 138: Bulk 2.5mm (above); Grains 24.9um (below) 
285 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
Osiensky Catalog # 139: Bulk 2.5mm; No grains taken, not FGV 
286 
 
 
Osiensky Catalog # 140: Bulk 2.5mm (above); Grains 24.9um (below) 
287 
 
 
Osiensky Catalog # 141: Bulk 2.5mm (above); Grains 25.0um (below) 
288 
 
 
Osiensky Catalog # 142: Bulk 2.5mm (above); Grains 24.9um (below) 
289 
 
 
Osiensky Catalog # 144: Bulk 2.5mm (above); Grains 25.0um (below) 
290 
 
 
Osiensky Catalog # 145: Bulk 2.5mm (above); Grains 25.0um (below) 
291 
 
 
Osiensky Catalog # 146: Bulk 2.5mm (above); Grains 25.0um (below) 
292 
 
 
Osiensky Catalog # 147: Bulk 2.5mm (above); Grains 25.0um (below) 
293 
 
 
Osiensky Catalog # 148: Bulk 2.5mm (above); Grains 25.0um (below) 
294 
 
 
Osiensky Catalog # 149: Bulk 2.5mm (above); Grains 25.1um (below) 
295 
 
 
Osiensky Catalog # 150: Bulk 2.5mm (above); Grains 24.9um (below) 
296 
 
 
Osiensky Catalog # 151: Bulk 2.5mm (above); Grains 24.9um (below) 
297 
 
 
Osiensky Catalog # 152: Bulk 2.5mm (above); Grains 25.1um (below) 
298 
 
 
Osiensky Catalog # 153: Bulk 2.5mm (above); Grains 25.1um (below) 
299 
 
 
Osiensky Catalog # 154: Bulk 2.5mm (above); Grains 25.1um (below) 
300 
 
 
Osiensky Catalog # 155: Bulk 2.5mm (above); Grains 25.1um (below) 
301 
 
 
Osiensky Catalog # 156: Bulk 2.5mm (above); Grains 25.0um (below) 
302 
 
 
Osiensky Catalog # 157: Bulk 2.5mm (above); Grains 24.9um (below) 
303 
 
 
Osiensky Catalog # 158: Bulk 2.5mm (above); Grains 24.9um (below) 
304 
 
 
Osiensky Catalog # 159: Bulk 2.5mm (above); Grains 25.1um (below) 
305 
 
 
Osiensky Catalog # 160: Bulk 2.5mm (above); Grains 24.9um (below) 
306 
 
 
Osiensky Catalog # 161: Bulk 2.5mm (above); Grains 24.9um (below) 
307 
 
 
Osiensky Catalog # 162: Bulk 2.5mm (above); Grains 25.1um (below) 
308 
 
 
Osiensky Catalog # 163: Bulk 2.5mm (above); Grains 24.9um (below) 
309 
 
 
Osiensky Catalog # 164: Bulk 2.5mm (above); Grains 24.9um (below) 
310 
 
 
Osiensky Catalog # 165: Bulk 2.5mm (above); Grains 24.9um (below) 
311 
 
 
 
 
 
 
 
 
 
 
 
Appendix C: Results of Trace Element Sourcing 
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Appendix D: Mineral Catalog 
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Catalog 
Number 
Grain Primary 
Mineral 
Specific Mineral Comments 
24 1 Orthopyroxene Hypersthene  
 2 Magnetite   
 3 Orthopyroxene Hypersthene  
 4 Magnetite   
 5 Orthopyroxene Hypersthene  
25 1 Magnetite   
 2 Orthopyroxene Hypersthene  
 3 Orthopyroxene Hypersthene  
 4 Orthopyroxene Hypersthene  
 5 Feldspar Orthoclase  
 6 Orthopyroxene Ferrohypersthene  
26 1 Orthopyroxene Ferrohypersthene  
 2 Magnetite   
 3 Orthopyroxene Ferrohypersthene  
 4 Orthopyroxene Hypersthene  
 5 Clinopyroxene Augite With Ca+P inclusion. Likely 
secondary mineral Apatite 
 6 Orthopyroxene Ferrohypersthene  
27 1 Orthopyroxene Hypersthene  
 2 Magnetite   
 3 Clinopyroxene Augite  
 4 Orthopyroxene Hypersthene  
 5 Magnetite   
 6 Orthopyroxene Hypersthene  
 7 Magnetite   
28 1 Orthopyroxene Hypersthene  
 2 Feldspar Plagioclase  
 3 Orthopyroxene Ferrohypersthene  
 4 Magnetite   
 5 Magnetite   
29 1 Clinopyroxene Augite  
 2 Orthopyroxene Hypersthene  
 3 Clinopyroxene Augite  
 Dark Matrix Feldspar Plagioclase  
 Light Matrix Feldspar Orthoclase Spectrum includes some glassy 
matrix 
31 1 Magnetite   
319 
 
 2 Orthopyroxene Hypersthene  
 3 Magnetite   
 4 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 5 Orthopyroxene Hypersthene  
 6 Orthopyroxene Ferrohypersthene  
 7 Orthopyroxene Hypersthene  
 8 Feldspar Orthoclase  
32 1 Orthopyroxene Hypersthene  
 2 Orthopyroxene Hypersthene  
 3 Orthopyroxene Hypersthene  
 4 Magnetite   
 5 Orthopyroxene Ferrohypersthene  
 6 Magnetite   
33 1 Orthopyroxene Ferrohypersthene  
 2 Magnetite   
 3 Orthopyroxene Ferrohypersthene  
 4 Orthopyroxene Ferrohypersthene  
 5 Orthopyroxene Ferrohypersthene  
34 1 Orthopyroxene Ferrohypersthene  
 2 Magnetite   
 3 Clinopyroxene Augite With Ca+P inclusion. Likely 
secondary mineral Apatite 
 4 Magnetite   
 5 Magnetite   
 6 Clinopyroxene Augite  
 7 Clinopyroxene Augite  
 8 Magnetite   
 9 Orthopyroxene Ferrohypersthene  
 10 Magnetite  Spectrum includes nearby 
mineral 
 11 Magnetite   
35 1 Magnetite   
 2 Clinopyroxene Augite With Ca+P inclusion. Likely 
secondary mineral Apatite. K-
Feldspar also included in 
spectrum (raising SiO2) 
 3 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 4 Magnetite   
 5 Orthopyroxene Ferrohypersthene  
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 6 Orthopyroxene Ferrohypersthene  
 7 Magnetite   
 8 Orthopyroxene Hypersthene  
 Something 
Interesting 
Sodium Cloride  Probably from evaporation  
37 1 Magnetite   
 2 Orthopyroxene Hypersthene  
 3 Orthopyroxene Ferrohypersthene  
 4 Orthopyroxene Ferrohypersthene  
 5 Magnetite   
 6 Magnetite   
39 1 Clinopyroxene Augite With Ca+P inclusion. Likely 
secondary mineral Apatite 
 2 Magnetite   
 3 Magnetite   
 4 Magnetite   
 5 Magnetite   
 6 Orthopyroxene Ferrohypersthene  
 7 Clinopyroxene Augite  
 8 Magnetite   
42 1 Orthopyroxene Hypersthene  
 2 Orthopyroxene Hypersthene  
 3 Magnetite   
 4 Clinopyroxene Augite  
 5 Orthopyroxene Hypersthene  
43 1 Quartz   
 2 Orthopyroxene Ferrohypersthene  
 3 Orthopyroxene Ferrohypersthene  
 4 Magnetite   
 5 Orthopyroxene Hypersthene  
 6 Orthopyroxene Ferrohypersthene May include some secondary 
mineral 
44 1 Copper Oxide   
 2 Magnetite   
 3 Orthopyroxene Ferrohypersthene  
 4 Calcium Oxide  Not a natural mineral, it could 
be due to heat from a fire 
altering the natural calcium 
 Large Crystal Clinopyroxene Augite Likely augite that includes 
contaminates 
45 1 Magnetite   
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 2 Orthopyroxene Hypersthene  
 3 Magnetite   
 4 Orthopyroxene Hypersthene  
 5 Orthopyroxene Ferrohypersthene  
 6 Magnetite   
 7 Magnetite   
46 1 Magnetite   
 2 Orthopyroxene Ferrohypersthene  
 3 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 4 Orthopyroxene Hypersthene  
 5 Magnetite  With Ca+P inclusion. Likely 
secondary mineral Apatite 
 6 Orthopyroxene Hypersthene  
 7 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 8 Magnetite   
 9 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 10 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 11 Orthopyroxene Ferrohypersthene  
47 1 Feldspar Plagioclase K-Feldspar included in 
spectrum (raising SiO2) 
 2 Magnetite   
 3 Clinopyroxene Augite  
 4 Orthopyroxene Ferrohypersthene  
 5 Magnetite   
 6 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 7 Clinopyroxene Augite  
 8 Magnetite  Spectrum includes nearby 
mineral 
 9 Magnetite   
 10 Clinopyroxene Augite  
 11 Magnetite   
 12 Orthopyroxene Ferrohypersthene  
48 1 Magnetite   
 2 Orthopyroxene Hypersthene  
 3 Orthopyroxene Ferrohypersthene  
 4 Leucite   
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 5 Orthopyroxene Ferrohypersthene  
49 1 Orthopyroxene Ferrohypersthene  
 2 Magnetite   
 3 Orthopyroxene Hypersthene  
 4 Orthopyroxene Ferrohypersthene  
 5 Orthopyroxene Ferrohypersthene  
 6 Orthopyroxene Hypersthene  
 7 Orthopyroxene Hypersthene  
 8 Orthopyroxene Ferrohypersthene  
51 1 Orthopyroxene Ferrohypersthene  
 2 Orthopyroxene Hypersthene  
 3 Orthopyroxene Hypersthene  
 4 Magnetite   
 5 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
52 1 Orthopyroxene Ferrohypersthene  
 2 Clinopyroxene Augite With Ca+P inclusion. Likely 
secondary mineral Apatite 
 3 Magnetite   
 4 Orthopyroxene Ferrohypersthene  
 5 Orthopyroxene Hypersthene  
 6 Orthopyroxene Ferrohypersthene  
 7 Orthopyroxene Ferrohypersthene  
 8 Clinopyroxene Augite With Ca+P inclusion. Likely 
secondary mineral Apatite 
53 1 Orthopyroxene Ferrohypersthene "F" peak could be a Floride 
inclusion (FCa) 
 2 Feldspar Plagioclase  
 3 Orthopyroxene Hypersthene  
 4 Orthopyroxene Ferrohypersthene  
 5 Orthopyroxene Ferrohypersthene  
 6 Magnetite   
 7 Orthopyroxene Ferrohypersthene With Ca+P inclusion. Likely 
secondary mineral Apatite 
 8 Orthopyroxene Ferrohypersthene  
 9 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 10 Orthopyroxene Ferrohypersthene With Ca+P inclusion. Likely 
secondary mineral Apatite 
54 1 Ilmenite   
 2 Orthopyroxene Ferrohypersthene  
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 3 Magnetite  With Ca+P inclusion. Likely 
secondary mineral Apatite 
 4 Orthopyroxene Hypersthene  
 5 Orthopyroxene Ferrohypersthene Spectrum includes secondary 
mineral magnetite 
 6 Ilmenite   
 7 Feldspar  With Ca+P inclusion. Likely 
secondary mineral Apatite 
 8 Magnetite   
 9 Orthopyroxene Ferrohypersthene  
55 1 Orthopyroxene Ferrohypersthene  
 2 Orthopyroxene Hypersthene  
 3 Orthopyroxene Hypersthene  
 4 Magnetite   
 5 Orthopyroxene Ferrohypersthene  
 6 Orthopyroxene Ferrohypersthene  
 7 Magnetite   
 8 Orthopyroxene Hypersthene  
56 1 Orthopyroxene Hypersthene  
 2 Clinopyroxene Augite Spectrum includes glassy 
matrix 
 3 Orthopyroxene Hypersthene  
 4 Clinopyroxene Augite Spectrum includes glassy 
matrix 
 5 Orthopyroxene Hypersthene  
57 1 Clinopyroxene Augite With Ca+P inclusion. Likely 
secondary mineral Apatite 
 2 Magnetite   
 3 Magnetite   
 4 Magnetite   
 5 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 6 Orthopyroxene Ferrohypersthene  
 7 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 8 Orthopyroxene Ferrohypersthene  
60 1 Orthopyroxene Ferrohypersthene  
 2 Feldspar Plagioclase  
 3 Orthopyroxene Hypersthene  
 4 Magnetite  Spectrum includes glassy 
matrix 
 5 Magnetite   
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 6 Clinopyroxene Augite  
 7 Clinopyroxene Augite  
61 1 Orthopyroxene Hypersthene  
 2 Magnetite   
 3 Orthopyroxene Hypersthene  
 4 Magnetite   
62 1 Orthopyroxene Hypersthene  
 2 Magnetite   
 3 Orthopyroxene Ferrohypersthene  
 4 Orthopyroxene Ferrohypersthene  
 5 Orthopyroxene Ferrohypersthene  
 6 Magnetite   
 7 Orthopyroxene Ferrohypersthene  
63 1 Feldspar Plagioclase  
 2 Feldspar Plagioclase  
 3 Feldspar Plagioclase  
 4 Feldspar Orthoclase Spectrum includes some glassy 
matrix 
 5 Feldspar Plagioclase  
 6 Feldspar Plagioclase  
64 1 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 2 Clinopyroxene Augite  
 3 Magnetite   
 4 Orthopyroxene Ferrohypersthene  
 5 Orthopyroxene Ferrohypersthene  
 6 Clinopyroxene Augite Spectrum includes glassy 
matrix 
 7 Magnetite   
 8 Orthopyroxene Ferrohypersthene  
 9 Magnetite   
 10 Clinopyroxene Augite Spectrum includes glassy 
matrix 
65 1 Clinopyroxene Augite  
 2 Magnetite   
 3 Magnetite   
 4 Clinopyroxene Augite Ca somewhat low 
 5 Magnetite   
 6 Magnetite   
66 1 Clinopyroxene Augite Ca somewhat low 
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 2 Clinopyroxene Augite Ca somewhat low 
 3 Magnetite   
 4 Magnetite   
 5 Orthopyroxene Ferrohypersthene  
 6 Orthopyroxene Ferrohypersthene  
 7 Magnetite   
 8 Magnetite   
 9 Orthopyroxene Ferrohypersthene  
 10 Orthopyroxene Ferrohypersthene Ca somewhat high. 
 11 Magnetite   
 12 Magnetite   
 13 Orthopyroxene Ferrohypersthene Ca somewhat high. 
67 1 Orthopyroxene Hypersthene  
 2 Magnetite   
 3 Orthopyroxene Hypersthene  
 4 Feldspar Plagioclase  
 5 Orthopyroxene Hypersthene  
 6 Magnetite   
68 1 Orthopyroxene Hypersthene  
 2 Magnetite   
 3 Magnetite   
 4 Magnetite   
 5 Orthopyroxene Ferrohypersthene  
 6 Orthopyroxene Ferrohypersthene With Ca+P inclusion. Likely 
secondary mineral Apatite 
 7 Clinopyroxene Augite Spectrum includes glassy 
matrix 
 8 Magnetite   
69 1 Orthopyroxene Hypersthene  
 2 Orthopyroxene Ferrohypersthene  
 3 Apatite   
 4 Orthopyroxene Ferrohypersthene  
 5 Clinopyroxene Augite Spectrum includes glassy 
matrix 
 6 Orthopyroxene Ferrohypersthene Secondary mineral Magnetite 
 7 Orthopyroxene Ferrohypersthene With Ca+P inclusion. Likely 
secondary mineral Apatite 
 8 Orthopyroxene Ferrohypersthene  
 9 Magnetite   
 10 Orthopyroxene Ferrohypersthene  
326 
 
70 1 Orthopyroxene Ferrohypersthene  
 2 Orthopyroxene Hypersthene  
 3 Orthopyroxene Hypersthene  
 4 Orthopyroxene Ferrohypersthene  
 5 Orthopyroxene Hypersthene  
 6 Orthopyroxene Augite Ca somewhat low 
 7 Magnetite   
 8 Orthopyroxene Hypersthene  
71 1 Orthopyroxene Hypersthene  
 2 Orthopyroxene Hypersthene  
 3 Orthopyroxene Ferrohypersthene  
 4 Orthopyroxene Ferrohypersthene With Ca+P inclusion. Likely 
secondary mineral Apatite 
 5 Orthopyroxene Ferrohypersthene  
 6 Magnetite   
 7 Orthopyroxene Hypersthene  
72 1 Magnetite   
 2 Orthopyroxene Ferrohypersthene  
 3 Orthopyroxene Ferrohypersthene  
 4 Magnetite   
 5 Magnetite   
 6 Orthopyroxene Ferrohypersthene  
 7 Clinopyroxene Augite Ca somewhat low. 
 8 Orthopyroxene Ferrohypersthene  
 9 Clinopyroxene Augite  
 10 Orthopyroxene Ferrohypersthene  
 11 Orthopyroxene Ferrohypersthene Ca somewhat high. 
 12 Orthopyroxene Ferrohypersthene  
 13 Clinopyroxene Augite  
73 1 Orthopyroxene Ferrohypersthene  
 2 Clinopyroxene Augite  
 3 Orthopyroxene Ferrohypersthene  
 4 Magnetite  Ti is high, more like 
titanomagnetite 
 5 Orthopyroxene Ferrohypersthene  
 6 Orthopyroxene Ferrohypersthene  
 7 Magnetite  Ti is high, more like 
titanomagnetite 
 8 Magnetite  Ti is high, more like 
titanomagnetite 
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 Light Matrix Feldspar Orthoclase  
 Dark Matrix Feldspar Plagioclase  
74 1 Feldspar Orthoclase  
 2 Clinopyroxene Augite Spectrum includes glassy 
matrix 
 3 Orthopyroxene Ferrohypersthene With Ca+P inclusion. Likely 
secondary mineral Apatite 
 4 Orthopyroxene Ferrohypersthene  
 5 Clinopyroxene Augite  
 6 Clinopyroxene Augite  
75 1 Orthopyroxene Ferrohypersthene  
 2 Orthopyroxene Hypersthene  
 3 Orthopyroxene Ferrohypersthene  
 4 Orthopyroxene Ferrohypersthene  
 5 Clinopyroxene Augite Spectrum includes glassy 
matrix 
 6 Orthopyroxene Ferrohypersthene  
 7 Orthopyroxene Ferrohypersthene  
76 1 Organic 
Material 
  
 2 Mica Biotite  
 3 Feldspar Plagioclase Also includes secondary 
mineral Orthoclase 
 4 Feldspar Plagioclase Also includes secondary 
mineral Orthoclase 
 5 Feldspar Orthoclase  
 6 Feldspar Plagioclase  
 7 Magnetite  No Ti in this spectrum 
 8 Feldspar Plagioclase Also includes secondary 
mineral Orthoclase 
 9 Feldspar Plagioclase  
 10 Feldspar Orthoclase  
78 1 Magnetite   
 2 Feldspar Plagioclase Also includes secondary 
mineral Orthoclase 
 3 Orthopyroxene Hypersthene  
 4 Magnetite   
 5 Orthopyroxene Hypersthene  
 6 Magnetite   
 7 Magnetite   
 8 Magnetite   
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 9 Orthopyroxene Ferrohypersthene  
 10 Feldspar Plagioclase Also includes secondary 
mineral Orthoclase 
79 1 Feldspar Plagioclase  
 2 Feldspar Plagioclase  
 3 Feldspar Plagioclase Also includes secondary 
mineral Orthoclase 
 4 Feldspar Plagioclase  
 5 Feldspar Orthoclase  
 6 Feldspar Plagioclase  
 7 Feldspar Orthoclase  
80 1 Orthopyroxene Ferrohypersthene  
 2 Magnetite   
 3 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 4 Magnetite   
 5 Orthopyroxene Ferrohypersthene  
 6 Orthopyroxene Ferrohypersthene  
 7 Clinopyroxene Augite  
82 1 Orthopyroxene Ferrohypersthene  
 2 Ilmenite   
 3 Magnetite   
 4 Ilmenite   
 5 Clinopyroxene Augite Spectrum includes glassy 
matrix 
 6 Magnetite   
 7 Orthopyroxene Ferrohypersthene  
 8 Organic 
Material 
Lime Contaminate  
83 1 Orthopyroxene Hypersthene  
 2 Orthopyroxene Hypersthene  
 3 Orthopyroxene Hypersthene  
 Large Crystal Orthopyroxene Enstatite  
84 1 Orthopyroxene Hypersthene  
 2 Magnetite   
 3 Orthopyroxene Hypersthene  
 4 Magnetite   
 5 Magnetite   
 6 Orthopyroxene Ferrohypersthene  
 7 Magnetite   
 8 Orthopyroxene Ferrohypersthene  
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 Large Grey 
Grain 
Clinopyroxene Augite  
 Large White 
Grain 
Magnetite   
85 1 Orthopyroxene Hypersthene  
 2 Clinopyroxene Augite  
 3 Orthopyroxene Ferrohypersthene  
 4 Magnetite  Ti is high, more like 
titanomagnetite 
 5 Orthopyroxene Ferrohypersthene  
 6 Orthopyroxene Ferrohypersthene  
 7 Ilmenite   
 8 Orthopyroxene Ferrohypersthene  
 9 Orthopyroxene Hypersthene  
 10 Orthopyroxene Ferrohypersthene  
86 1 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 2 Magnetite  Ti is high, more like 
titanomagnetite 
 3 Orthopyroxene Ferrohypersthene  
 4 Orthopyroxene Ferrohypersthene  
 5 Orthopyroxene Hypersthene  
 6 Orthopyroxene Ferrohypersthene  
 7 Orthopyroxene Hypersthene  
 8 Magnetite   
 9 Magnetite   
 10 Magnetite   
 11 Magnetite   
94 1 Orthopyroxene Hypersthene  
 2 Orthopyroxene Hypersthene  
 3 Magnetite   
 4 Orthopyroxene Hypersthene  
 5 Magnetite   
 6 Orthopyroxene Ferrohypersthene  
 7 Clinopyroxene Augite With Ca+P inclusion. Likely 
secondary mineral Apatite 
 8 Magnetite   
95 1 Orthopyroxene Hypersthene  
 2 Magnetite   
 3 Magnetite   
 4 Clinopyroxene Augite  
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 5 Orthopyroxene Hypersthene  
 6 Magnetite   
 7 Orthopyroxene Hypersthene  
 8 Magnetite   
 9 Orthopyroxene Hypersthene  
 Large White 
Grain 
Chromite  Ti replacing some of Fe; not 
pure enough for true Chromite  
96 1 Magnetite  Ti is high, more like 
titanomagnetite 
 2 Orthopyroxene Hypersthene  
 3 Clinopyroxene Augite  
 4 Magnetite  Ti is high, more like 
titanomagnetite 
 5 Clinopyroxene Augite  
 6 Magnetite  Ti is high, more like 
titanomagnetite 
 7 Clinopyroxene Augite  
97 1 Feldspar Plagioclase  
 2 Clinopyroxene Augite Al high  
 3 Magnetite  With Ca+P inclusion. Likely 
secondary mineral Apatite 
 4 Orthopyroxene Hypersthene  
 5 Magnetite   
 6 Orthopyroxene Hypersthene  
102 1 Orthopyroxene Hypersthene  
 2 Orthopyroxene Hypersthene  
 3 Clinopyroxene Augite  
 4 Orthopyroxene Ferrohypersthene  
 5 Orthopyroxene Hypersthene  
 6 Magnetite   
 7 Magnetite   
 8 Magnetite   
 9 Orthopyroxene Hypersthene  
 10 Orthopyroxene Hypersthene  
 Light Matrix Feldspar Plagioclase  
 Dark Matrix Feldspar Orthoclase  
104 1 Magnetite   
 2 Orthopyroxene Ferrohypersthene  
 3 Orthopyroxene Hypersthene  
 4 Orthopyroxene Ferrohypersthene  
105 1 Magnetite   
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 2 Magnetite   
 3 Orthopyroxene Hypersthene  
 4 Orthopyroxene Ferrohypersthene Mg somewhat low. 
 5 Orthopyroxene Ferrohypersthene  
 6 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 7 Orthopyroxene Hypersthene  
 8 Magnetite   
109 1 Magnetite   
 2 Orthopyroxene Hypersthene  
 3 Orthopyroxene Hypersthene  
 4 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 5 Orthopyroxene Hypersthene  
 6 Orthopyroxene Ferrohypersthene Mg somewhat low. 
110 1 Magnetite   
 2 Orthopyroxene Hypersthene  
 3 Orthopyroxene Ferrohypersthene  
 4 Magnetite   
 5 Orthopyroxene Hypersthene  
 6 Orthopyroxene Ferrohypersthene  
 7 Orthopyroxene Ferrohypersthene Mg somewhat low. 
 8 Magnetite   
 9 Clinopyroxene Augite  
111 1 Orthopyroxene Ferrohypersthene  
 2 Magnetite   
 3 Magnetite   
 4 Orthopyroxene Ferrohypersthene Mg somewhat low. 
 5 Clinopyroxene Augite Spectrum includes glassy 
matrix 
 6 Orthopyroxene Hypersthene  
 7 Magnetite   
 8 Clinopyroxene Augite  
112 1 Orthopyroxene Ferrohypersthene Ca somewhat high. 
 2 Magnetite   
 3 Clinopyroxene Augite With Ca+P inclusion. Likely 
secondary mineral Apatite 
 4 Clinopyroxene Augite Secondary mineral Magnetite 
 5 Orthopyroxene Ferrohypersthene Ca somewhat high. 
 6 Clinopyroxene Augite With Ca+P inclusion. Likely 
secondary mineral Apatite 
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 7 Clinopyroxene Augite  
113 1 Ilmenite   
 2 Orthopyroxene Hypersthene  
 3 Aluminum 
Artifact 
 Aluminum dust from SEM 
 4 Clinopyroxene Augite  
 5 Orthopyroxene Ferrohypersthene  
115 1 Orthopyroxene Hypersthene  
 2 Orthopyroxene Ferrohypersthene  
 3 Orthopyroxene Ferrohypersthene  
 4 Orthopyroxene Ferrohypersthene  
 5 Magnetite   
116 1 Orthopyroxene Hypersthene  
 2 Magnetite   
 3 Orthopyroxene Ferrohypersthene  
 4 Orthopyroxene Hypersthene  
 5 Magnetite   
 6 Magnetite   
119 1 Orthopyroxene Hypersthene  
 2 Magnetite   
 3 Orthopyroxene Hypersthene Ca somewhat high. 
 4 Clinopyroxene Augite  
 5 Orthopyroxene Ferrohypersthene Ca somewhat high. 
 6 Orthopyroxene Hypersthene  
 7 Orthopyroxene Hypersthene  
 8 Magnetite   
 Large Grain 1 Orthopyroxene Enstatite Mg high enough for enstatite  
 Large Grain 2 Clinopyroxene Augite  
120 1 Clinopyroxene Augite  
 2 Orthopyroxene Ferrohypersthene  
 3 Orthopyroxene Ferrohypersthene Secondary mineral Magnetite 
 4 Clinopyroxene Augite With Ca+P inclusion. Likely 
secondary mineral Apatite 
 5 Clinopyroxene Augite Ca somewhat low. 
 6 Clinopyroxene Augite Ca somewhat low. 
 7 Clinopyroxene Augite Ca somwhat low. 
 8 Magnetite   
121 1 Orthopyroxene Hypersthene  
 2 Clinopyroxene Augite  
 3 Orthopyroxene Hypersthene  
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 4 Magnetite   
 5 Orthopyroxene Ferrohypersthene  
 6 Orthopyroxene Ferrohypersthene  
 7 Orthopyroxene Hypersthene  
122 1 Orthopyroxene Ferrohypersthene  
 2 Magnetite   
 3 Clinopyroxene Augite Secondary mineral Magnetite 
 4 Clinopyroxene Augite  
 5 Magnetite   
 6 Orthopyroxene Ferrohypersthene  
 7 Magnetite   
 8 Orthopyroxene Ferrohypersthene  
 9 Clinopyroxene Augite  
 10 Magnetite   
 11 Clinopyroxene Augite  
124 1 Orthopyroxene Hypersthene  
 2 Magnetite  Ti is high, more like 
titanomagnetite 
 3 Orthopyroxene Hypersthene  
125 1 Magnetite   
 2 Clinopyroxene Augite Spectrum includes glassy 
matrix 
 3 Magnetite   
 4 Magnetite   
 5 Magnetite   
 6 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 7 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
126 1 Magnetite   
 2 Orthopyroxene Ferrohypersthene Secondary mineral Magnetite 
 3 Clinopyroxene Augite  
 4 Clinopyroxene Augite  
 5 Magnetite   
 6 Orthopyroxene Ferrohypersthene With Ca+P inclusion. Likely 
secondary mineral Apatite 
 7 Apatite   
128 1 Magnetite   
 2 Clinopyroxene Augite  
 3 Clinopyroxene Augite  
 4 Clinopyroxene Augite With Ca+P inclusion. Likely 
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secondary mineral Apatite 
 5 Clinopyroxene Augite  
 6 Magnetite   
130 1 Clinopyroxene Augite  
 2 Magnetite   
 3 Clinopyroxene Augite Spectrum includes glassy 
matrix 
 4 Clinopyroxene Augite With Ca+P inclusion. Likely 
secondary mineral Apatite 
131 1 Magnetite   
 2 Feldspar Orthoclase Also includes secondary 
mineral plagioclase 
 3 Magnetite   
 4 Clinopyroxene Augite  
 5 Clinopyroxene Augite  
 6 Clinopyroxene Augite  
134 1 Orthopyroxene Hypersthene  
 2 Magnetite   
 3 Magnetite   
 4 Orthopyroxene Hypersthene  
 5 Orthopyroxene Hypersthene  
 6 Magnetite   
135 1 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 2 Magnetite   
 3 Magnetite   
 4 Orthopyroxene Hypersthene  
 5 Magnetite   
 6 Orthopyroxene Hypersthene  
 7 Magnetite   
136 1 Magnetite   
 2 Orthopyroxene Hypersthene  
 3 Orthopyroxene Hypersthene  
 4 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 5 Magnetite   
 6 Clinopyroxene Augite  
137 1 Mica Biotite  
 2 Mica Biotite  
 3 Mica Biotite  
 4 Mica Biotite  
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 5 Mica Muscovite  
141 1 Feldspar Orthoclase Also includes secondary 
mineral plagioclase 
 2 Orthopyroxene Ferrohypersthene  
 3 Orthopyroxene Hypersthene  
 4 Orthopyroxene Ferrohypersthene  
142 1 Clinopyroxene Augite  
 2 Orthopyroxene Ferrohypersthene Ca somewhat High. 
 3 Clinopyroxene Augite  
 Light Matrix Feldspar Orthoclase Has other elements in 
spectrum 
 Dark Matrix Feldspar Plagioclase  
144 1 Orthopyroxene Hypersthene  
 2 Orthopyroxene Hypersthene  
 3 Ilmenite   
 4 Ilmenite   
 5 Magnetite  with VERY little Ti 
 6 Clinopyroxene Augite  
 7 Orthopyroxene Hypersthene  
 8 Orthopyroxene Hypersthene  
 Large Light 
Grain 
Clinopyroxene Augite  
 Large Dark 
Grain 
Feldspar Plagioclase  
145 1 Clinopyroxene Augite  
 2 Orthopyroxene Hypersthene  
 3 Clinopyroxene Augite K-Feldspar included in 
spectrum (raising SiO2) 
 4 Magnetite   
 5 Magnetite   
 6 Orthopyroxene Ferrohypersthene  
146 1 Mica Muscovite  
 2 Clinopyroxene Augite  
 3 Clinopyroxene Augite  
 4 Clinopyroxene Augite  
 5 Clinopyroxene Augite Magnetite as secondary 
mineral 
 6 Clinopyroxene Augite Magnetite as secondary 
mineral 
 7 Clinopyroxene Augite Magnetite as secondary 
mineral 
336 
 
147 1 Clinopyroxene Augite  
 2 Clinopyroxene Augite  
 3 Clinopyroxene Augite  
 4 Clinopyroxene Augite  
 5 Clinopyroxene Augite  
148 1 Olivine   
 2 Magnetite  Spectrum includes glassy 
matrix 
 3 Magnetite   
 4 Clinopyroxene Augite  
 5 Clinopyroxene Augite  
 6 Magnetite   
 large grain 
on right  
Feldspar Plagioclase  
 large white 
grain  
Ilmenite   
149 1 Ilmenite   
 2 Magnetite  High Ti likely titanomagnetite 
 3 Clinopyroxene Augite Spectrum includes glassy 
matrix 
 4 Clinopyroxene Augite Spectrum includes glassy 
matrix 
 5 Magnetite  Spectrum includes glassy 
matrix 
 6 Clinopyroxene Augite Spectrum includes glassy 
matrix 
 7 Clinopyroxene Augite Spectrum includes glassy 
matrix 
 8 Magnetite   
 9 Magnetite  Spectrum includes glassy 
matrix 
150 1 Orthopyroxene Hypersthene  
 2 Orthopyroxene Hypersthene  
 3 Magnetite   
 4 Orthopyroxene Hypersthene  
 5 Magnetite   
 6 Orthopyroxene Hypersthene  
 7 Orthopyroxene Hypersthene  
151 1 Feldspar Plagioclase Secondary mineral orthoclase 
 2 Magnetite   
 3 Mica Biotite  
152 1 Clinopyroxene Augite Spectrum includes glassy 
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matrix 
 2 Orthopyroxene Hypersthene  
 3 Magnetite   
 4 Orthopyroxene Hypersthene  
 5 Magnetite   
153 1 Orthopyroxene Hypersthene With Ca+P inclusion. Likely 
secondary mineral apatite 
 2 Orthopyroxene Hypersthene Secondary minerals magnetite 
and apatite 
 3 Orthopyroxene Hypersthene  
 4 Magnetite   
 5 Orthopyroxene Hypersthene  
 6 Magnetite   
 7 Orthopyroxene Hypersthene  
 8 Orthopyroxene Hypersthene Spectrum includes part of 
mineral 6 
 9 Orthopyroxene Hypersthene  
154 1 Feldspar Plagioclase  
 2 Orthopyroxene Hypersthene  
 3 Orthopyroxene Hypersthene  
 4 Magnetite   
 5 Orthopyroxene Hypersthene With Ca+P inclusion. Likely 
secondary mineral apatite 
 6 Orthopyroxene Hypersthene  
 7 Magnetite   
155 1 Clinopyroxene Augite  
 2 Clinopyroxene Augite  
 3 Feldspar Plagioclase Secondary mineral orthoclase 
 4 Magnetite   
 5 Ilmenite   
 6 Clinopyroxene Augite  
 7 Clinopyroxene Augite  
 8 Clinopyroxene Augite  
 9 Magnetite   
 10 Clinopyroxene Augite  
 11 Magnetite   
 12 Orthopyroxene Hypersthene high Ca 
 13 Orthopyroxene Hypersthene  
156 1 Olivine   
 2 Orthopyroxene Hypersthene high Ca 
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 3 Feldspar Plagioclase  
 4 Orthopyroxene Hypersthene high Ca 
 5 Olivine   
 6 Orthopyroxene Hypersthene high Ca 
 7 Magnetite   
 8 Magnetite   
 9 Orthopyroxene Hypersthene high Ca 
 10 Magnetite   
 Large grain 
visible 
without 
magnification 
Feldspar Plagioclase  
157 1 Mica Muscovite  
 2 Mica Muscovite  
 3 Mica Biotite  
 4 Mica Biotite  
 5 Mica Muscovite  
 6 Mica Biotite  
 7 Mica Biotite  
 8 Mica Biotite  
158 1 Magnetite   
 2 Orthopyroxene Hypersthene  
 3 Magnetite   
 4 Magnetite  Spectrum includes glassy 
matrix 
 5 Clinopyroxene Augite high SiO2 
159 1 Clinopyroxene Augite With Ca+P inclusion. Likely 
secondary mineral apatite 
 2 Magnetite   
 3 Orthopyroxene Hypersthene  
 4 Clinopyroxene Augite high SiO2 
 5 Orthopyroxene Hypersthene  
 6 Clinopyroxene Augite With Ca+P inclusion. Likely 
secondary mineral apatite 
 7 Orthopyroxene Hypersthene  
 8 Orthopyroxene Hypersthene  
160 1 Magnetite   
 2 Orthopyroxene Ferrohypersthene  
 3 Orthopyroxene Ferrohypersthene  
 4 Orthopyroxene Ferrohypersthene  
 5 Magnetite  Secondary mineral 
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Orthopyroxene 
 6 Magnetite  Spectrum includes glassy 
matrix 
161 1 Orthopyroxene Hypersthene high Ca 
 2 Magnetite   
 3 Magnetite  Spectrum includes glassy 
matrix 
 4 Orthopyroxene Ferrohypersthene  
 5 Clinopyroxene Augite  
 6 Magnetite   
 7 Orthopyroxene Hypersthene  
162 1 Feldspar Orthoclase  
 2 Clinopyroxene Augite  
 3 Clinopyroxene Augite high SiO2 
 4 Feldspar Orthoclase  
 5 Clinopyroxene Augite  
 6 Clinopyroxene Augite high SiO2 
 7 Orthopyroxene Hypersthene  
 8 Orthopyroxene Ferrohypersthene  
163 1 Clinopyroxene Augite  
 2 Feldspar Orthoclase  
 3 Feldspar Orthoclase  
 4 Orthopyroxene Ferrohypersthene  
 5 Orthopyroxene Ferrohypersthene  
 6 Feldspar Orthoclase  
 7 Clinopyroxene Augite  
164 1 Clinopyroxene Augite  
 2 Orthopyroxene Hypersthene  
 3 Orthopyroxene Hypersthene  
 4 Orthopyroxene Hypersthene  
165 1 Clinopyroxene Augite high SiO2 
 2 Magnetite   
 3 Feldspar Orthoclase  
 4 Clinopyroxene Augite high SiO2 
 5 Magnetite   
 Grain at top 
of bulk photo 
Feldspar Plagioclase  
 
 
